Master of Science in Data Science

Dissertation

Analysis of the effect of course
structure and pattern of usage on the
efficacy of online/blended courses

By

Andries Cornelius Oosthuizen

Supervised by

Leanne Scott

Department of Statistical Science
University of Cape Town

12 December 2023



The copyright of this thesis vests in the author. No quotation
from it or information derived from it is to be published
without full acknowledgement of the source. The thesis is to
be used for private study or non-commercial research
purposes only.

Published by the University of Cape Town (UCT) in terms of
the non-exclusive license granted to UCT by the author.



Plagiarism Declaration

| know the meaning of plagiarism and declare that all the work in the document, save for that which
is properly acknowledged, is my own. This thesis/dissertation has been submitted to the Turnitin
module (or equivalent similarity and originality checking software), and | confirm that my supervisor
has seen my report and any concerns revealed by such have been resolved with my supervisor.

| Signed by candidate |

Signature of Author:. .. ..., at Cape Town on 12 December 2023

Pagei



Acknowledgements

| extend my thanks to the following people for their invaluable assistance in the production of this

dissertation:

e My supervisor, Assoc Prof. Leanne Scott, for her help and guidance through this whole
process and her unwavering patience.

e Stephen Marquard, for his advice and help.

e (Carina Oosthuizen, my lovely wife, for her support through the writing and re-writing, talking
through all the different approaches | wanted to try, understanding when | worked longer
hours due to this study, and her patience for getting through this.

Page ii



Abstract

Using the Sakai Learning Management System (LMS), this dissertation investigates the structure of
course sites in blended and online courses at the University of Cape Town. Then, it evaluates the
student interactions that this facilitates. The data selected focused on undergraduate courses in
2019. The student interactions with the tool selected for each site are compared to tool categories
that indicate a good academic outcome. The analysis was structured to use four popular
unsupervised learning algorithms (K-means, PAM, AGNES, and DIANA) on data sets that included the
enrolled users and the tools accessible to students. The clValid package method was used to choose
the optimal algorithm and cluster sizes.

The findings show that most sites used the default tool selection, with almost half the courses
adding outside tools and linking in lecture recordings. Sites with less enrolled students were shown
to include more diffuse tools, which allow for more creative pedagogy. The majority of student
interactions were for course development and delivery, followed by grading and assessment.

Finally, most students utilised the LMS and accessed a high percentage of tools in each category.
However, the analysis had certain limitations about the events tracked by the system and assumed a
one-sided perspective as only the student interaction with the LMS was considered.
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1 Introduction

In the higher education learning environment, the Learning Management System (LMS) has become
a de facto standard of delivering content, administrating courses, and facilitating communication
and interaction between students and lecturers. The LMS market is a multi-billion-dollar industry
valued at around $18.7 billion (2022) and is projected to grow to $43.6 billion by 2027 (Learning
Management System Market Size & Global Forecast, 2023). In North America (US and Canada)
higher education market, the primary system tends to be one of 5, namely Instructure's Canvas,
Blackboard Learn, D2L Brightspace, Moodle, and Sakai (Hill, 2022; LMS Data — Spring 2021 Updates,
2021).

In terms of breadth of features and quality of features, Sakai ranks higher than Canvas, Moodle, and
Blackboard (O’Brien L, 2020). Regarding the number of default available tools, not including Learning
Tool Interoperability (LTI), Sakai provides the most extensive set. The open-source nature also allows
access to the tools' internal structure, data storage and events. This access to the internal structure
provides unfettered access to the internal storage of events and site structures used by lecturers to
scaffold the teaching and learning experience.

The University of Cape Town has been using the Sakai, called Vula, since 2009 (the earliest course
site), but only properly from around 2013. Sakai is a free community source system (community of
academic institutions, commercial organisations, and individuals) and is distributed under the
Educational Community License (a type of open-source license). The first version of Sakai was
released on 27 October 2004 (Hodges et al., 2023), but only after version 2.0 (2006) was released did
it start to gain mainstream interest (C. R. Severance, 2013) and is currently running at over 240
institutions worldwide (Apereo, 2023b).

This study investigates the different tools and modules instructors utilise in a course site in Sakai to
deliver educational materials and facilitate communication, assessment, and grading. The selection
of tools may vary depending on the subject, faculty, and personal preference. Moreover, students
have unique usage patterns that may differ by subject and the site's design. Evaluating which tools
are effective in facilitating the learning experience for students will benefit the further development
of such tools and ultimately benefit the students, university, and broader open-source community.
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1.1 Aim

Learning Management Systems (LMS) are extensively used in higher education institutions to
support and extend face-to-face teaching and learning (blended learning). The Learning
Management System (LMS) is a complex platform with various features and functionalities. Its
architectural design supports the system's functions and performance behaviour. The layout, tools,
and user experience (UX) inform the choices that lecturers make in scaffolding the student learning
experience. The tools chosen in a course site allow interactions between learners and other learners,
learners and their teachers, and learners and course content (Kerr, 2011; Moore, 1989).

This research will analyse the course structure and content available to students to look at the
pattern of usage to identify groups of similarly structured courses. Utilising the course groups, the
user interactions will be analysed to determine the efficacy of the course design. Efficacy in this
regard will be evaluated on the amount of interaction with specific tools and content. The focus will
be on blended and online courses, as the content and user interactions are all stored in the LMS.

There have been other studies conducted in the field of Learning Analytics to evaluate student
engagement with the LMS to determine educational effectiveness and learning outcomes (Fisher &
Parker, 2016; Le et al., 2022; Zhang et al., 2020), relating student interaction to academic
achievements. The scope of these studies was generally limited to specific courses, departments, or
the effectiveness of a new tool. This study aims to expand the scope of site selection and also focus
on structural differences that influence student interactions, in so doing contributing to the
expanding body of exploratory research in the area of Learning Analytics. The additional information
may inform further studies on effective tool usage and improvements in LMSs.

1.2 Objectives

The objectives include:
Literature Review
1. Examine the Learning Management System (LMS) marketplace.
2. Investigate the importance of LMSs in higher education.
3. Research the impact of student interactions with tools on learning outcome results.

Data and Analysis

4. Collect data from Sakai (LMS) pertaining to course structure and student interactions.
5. Analyse the course structure and classify.

6. Compare student activity based on the classification of the course structure.

Evaluation and Conclusion
7. Torecommend further research or development of tools.

1.3 Limitations

The study is limited by the data available in the LMS chosen by the University of Cape Town. The
data includes course sites, tools, and interactions; the interactions are limited to what the
developers of each tool deemed important to track and store in the interaction log. This
inconsistency in the importance of events might skew the evaluation of tool interactions, as some
tools might not have any interactions stored in the log. The pedagogical strategy for the course sites
is unknown and is not used in the analysis phase. Furthermore, this study does not evaluate the
efficacy of learning; effectiveness is determined by interactions with the tools, not academic
achievement.

Page 2 of 114



1.4 Assumptions

1) Itis assumed that all students included in this study have sufficient access to the University
of Cape Town’s Learning Management System (Sakai named Vula).

2) Itis assumed that all students are sufficiently proficient in using the LMS.

3) Itis assumed that lecturers use specific tools to achieve a learning outcome for students.

4) Itis assumed that the tools used in the course site will track the progress of students by
generating events that will be stored in the event table in the database.

5) Itis assumed that the number of events generated for each tool is generally the same for an
activity performed by the student.

6) The events tracked are for formal learning activities and exclude interactions outside the
scope of the Learning Management System.

1.5 Consent

When students register at the university, they agree to allow the university to record their academic
information using various information technology systems such as academic administration system,
access control system, IT system and residence management system. The university regularly uses
this data for administrative and research purposes.

At the time of this research, Andries Cornelius Oosthuizen was employed as a senior developer in
the Learning Technologies Team in the Centre of Innovation in Learning and Teaching at the
University of Cape Town. As such, access to the data forms an integral part of his job description.

1.6 Dissertation Structure

This study consists of six chapters, starting with the introduction and overview in Chapter 1.

Chapter 2 introduces the Learning Management System (LMS) and its current role in higher
education and the general marketplace. This chapter compares the tools available in an LMS and
how students interact with them and examine how they affect academic outcomes. Finally, the
chapter concludes with a discussion on the limitations of LMSs and the definition of blended
learning.

Chapter 3 describes the data selection criteria and introduces the unsupervised learning algorithms
used in this study.

Chapter 4 covers the concept of a course site the extraction of the site structure from the complex
Sakai database tables, closely followed by data preparation and cleaning. The chapter also continues
to explain what a provider, realm, and participant is in the Sakai LMS context. The relationship
between the tools available in the LMS and how they are mapped in the database is shown. After
this, the event data and outside sources are introduced. The last section starts with the constraints
applied to the course site data set.

The second part of Chapter 4 concerns the processing of the data by employing unsupervised
learning algorithms discussed in Chapter 3. Next, the tools used in the course sites are analysed
similarly and compared with the event data collected earlier.

Chapter 5 presents the results and findings of this study, followed by a conclusion in Chapter 6 that
summarises the results and identifies potential opportunities for future research.
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2 Literature Review

A Learning Management System (LMS) is a software system that provides tools to support a
learning/teaching process (Caminero & Hernandez, 2013). These systems are also known as Virtual
Learning Environments (VLE) or Course Management Systems (CMS) (Asiri et al., 2012; Falvo &
Johnson, 2007). Whatever one may call them, they are used pervasively in higher education
institutions (Cucu, 2014); estimates of colleges and universities running an LMS are almost always
near 99 per cent (Brown et al., 2015; Mehta & Kalyvaki, 2017). This is expanded on by (Rhode et al.,
2017) in which they state that the use of LMSs in higher education is widespread, with 99% of
institutions having an LMS in place and 85% of faculty and 83% of students using them (Rhode et al.,
2017).

2.1  Comparison of Learning Management Systems (LMS)

As an educational institution, choosing which LMS to use is an involved and lengthy process. Each
LMS has their strengths and weaknesses, and there have been numerous studies to find, define, and
classify features to evaluate and decide on which one to use (Asiri et al., 2012; Cavus & Alhih, 2014;
Falvo & Johnson, 2007; Reyes et al., 2009). LMSs are generally grouped into commercial or non-
commercial, with closed, open, or partially open architecture (Pireva et al., 2015). Non-commetrcial
open (as in open source) are LMSs such as Sakai, Moodle, and llias. Then there are the commercial
partially open, like Canvas (Open-Core Model - Wikipedia, 2023). The last category comprises
commercial closed architecture, such as Brightspace and Blackboard (Caminero & Hernandez, 2013).
This section will compare a few of the most popular LMSs based on market size and influence.

Figure 1: LMS Market Share for US & Canadian Higher Ed Institutions (2021) (Hill, 2022)

Figure 1 (above) from Phil-on-Tech (now Phil Hill and Associates) published on “State of Higher Ed
LMS Market for US and Canada: Year-End 2021” in Feb 2022 indicates the relative market share of
various LMSs in the United States and Canada. It is clear that the LMS market has been around for a
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couple of decades and has experienced significant changes. The newest data at the end of 2021
shows Canvas leads with 34% of US & Canadian higher ed institutions, followed by Moodle at 21%,
Blackboard at 20%, and D2L at 14% (Hill, 2022). Another company that specialises in evaluating
software, SoftwareReviews, provides Figure 2 (below) showing the evaluation and ranks of LMSs
based on feedback from information technology and business professionals. The y-axis shows the
product features and satisfaction, which is derived from the likelihood to recommend the software
combined with the satisfaction of product features, plotted against vendor capabilities (training,
customer support, product roadmap, trustworthiness, respect, fairness, etc.). Note the axes are
dynamically scaled.

Figure 2: SoftwareReviews - Data Quadrant for Education Learning Management Systems
(Best Education Learning Management (ELMS) Systems 2023, 2023)
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Net

Composite Emotional
Score Footprint Vendor Product Likeliness to Number of
Rank Product (Out of 10) (-100 to 100) Capabilities Features Recommend Reviews
1 Sakai LMS 8.5 +90 81% 83% 87% 98
2 Moodle LMS 8.0 +81 76% 79% 82% 206
3 Canvas 7.9 +77 77% 79% 84% 197
4 Schoology Learning 7.5 +76 73% 74% 78% 106
5 D2L Brightspace 7.5 +76 76% 77% 72% 51
6 Blackbaud Learn 7.4 +69 75% 74% 79% 42
7 Blackboard LMS 7.4 +66 75% 77% 76% 305
8 Jenzabar elearning 7.0 +73 71% 75% 62% 34

Table 1: SoftwareReviews - LMS Category overview of product performance
(Best Education Learning Management (ELMS) Systems 2023, 2023)
(Complete figure/table from source is shown on page 106)

Table 1 (above) shows the summary of product performance for the top 8 LMSs based on their
composite score, which is a combination of their Net Emotional Footprint (which measures user
emotional response ratings of the vendor, e.g., trustworthy, respectful, fair), Vendor Capabilities,
Product Features, and Likeliness to Recommend (the original table which includes Net Emotional
Footprint Distribution can be found in the Appendix — LMS Category Overview).

The emotional footprint might be based on each LMS’s aesthetics and tool design, but they are
generally similarly matched on features (Pireva et al., 2015). These features or tools are used to
create and manage content for learners, do evaluations or assessments with grading and
communicate (synchronous or asynchronous) with students (Caminero & Hernandez, 2013; Falvo &
Johnson, 2007; Kerr, 2011). Similarly, the tools that students identify as important to their learning
experience (especially communication with their instructor) (Kerr, 2011) can generally be found in
successful LMSs. Looking at the features of the top five market share leaders and high-ranking LMS,
there are a few commonalities between them.

Blackboard LMS
Platform

Table 2: LMS selection for feature comparison (Blackboard (Anthology), 2023; Brightspace (D2L), 2023; Canvas
(Instructure), 2023; Moodle LMS, 2023; Sakai LMS, 2023)

Sakai LMS Moodle LMS Canvas D2L Brightspace

This comparison table (Table 2) is based on (Caminero & Hernandez, 2013; Cavus & Zabadi, 2014,
Firdyiwek, 1999; Kerr, 2011; Pireva et al., 2015; Reyes et al., 2009) with additional details obtained
from the documentation of each of the LMSs (Blackboard Tools, 2023; Brightspace Tools, 2023;
Canvas Tools, 2023; Moodle Tools, 2023; Sakai 23 User Guide, 2023).

The check (v') indicates this is a built-in feature, and the cross (¥) indicates that the feature is not
provided at all. The tilde (~) indicates that the feature or tool is provided as an additional add-on,
plugin, or tool integration - directly or with Learning Tool Integration (LTI).
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Feature Capabilities Sakai Moodle Canvas Brightspace | Blackboard
Course Calendar v v v v v
Management Structure Content 4 4 v v 4
Student Statistics 4 4 v v 4
Synchronous Chat v v v v v
Communication Video ~ v ~ ~ v
White Board ~ 4 ~ ~ 4
Asynchronous Forum v v v v v
Communication Email v v v v v
Testing and Grading v v v v v
assessment Assignment v v v v v
Quizzes v v v v v
Surveys v v v ~ v
Student Wiki v v ~ ~ v
Authoring Portfolio ~ v 4 4 4
Sofoldng | Corert e
Annotations ~ v v v v
Accessibility v v v v v
Software Web Architecture Tomcat Apache Tomcat - Tomcat
Ecosystem MysaQL, PostgreSQL,
Database “SZ:SGL Po,f/figeQSSL’ mszgt - MSSQL, Oracle
Oracle Oracle
Marketplace Op:gLS_t;J(;ce Opg;igtgce OZeGn’;i?;r(;:e Commercial Commercial
Supported SCORM v v v v v
Standards IMS LTI LTI 1.3 LTI 1.3 LTI 1.3 LTI 1.3 LTI 1.3
xAPI / Caliper vv vv vv vv vv
Customisable Environment v v v v v
Profile v 4 v v 4

Table 3: LMS Feature Capabilities Comparison

Table 3 compares the features and tools for five platforms, namely Sakai, Moodle, Canvas,
Brightspace, and Blackboard; firstly, based on the tool categories and then based on the software
ecosystem, standards, and customisability of the LMS (overall and user profile). Although there are a
few features that do not match up exactly, these LMSs provide all the necessary features and
capabilities for higher education institutions to support the learning project.

2.2

LMS Importance in Higher Education

Regardless of the LMS that an institution is using, they are seen not only as a technology platform for
supporting the traditional learning process but also for networking, blended, and distance learning.
(Pireva et al., 2015). The trend in modern education is highly technological dependent, and this has
redefined the teaching-learning process. LMSs have a positive impact on education (Cavus & Alhih,
2014). Further studies in US institutions indicate that nearly all higher education students use an
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LMS and that students consistently identify the LMS as among the most important instructional
technologies for their academic success (Brooks & Pomerantz, 2016; Rhode et al., 2017). Not just in
the US, the flexible capabilities of learning management systems (LMSs) have led to an increasing
acceptance of web-enabled e-learning tools among institutions of higher education globally
(Czerniewicz et al., 2007; Mlitwa et al., 2009).

LMSs have also been found to have a transformative effect on traditional teaching and learning in
adult and higher education institutions. They influence the method of acquiring higher education,
facilitate transformative learning, and are considered game-changers in the field (Reid & Reid, 2019).
It can be shown that faculty also believes that the LMS contributes to effective classroom
management and dissemination of knowledge. It also helps with their flexibility in teaching and
grading students' assessments on a weekly basis (Reid & Reid, 2019).

LMSs in higher education institutions are an indispensable tool in the modern teaching-learning
process, hence their adoption (Czerniewicz et al., 2007; Mlitwa et al., 2009).

2.3 Overview of the Tools Used in LMSs

This study will focus primarily on Sakai as the LMS (reasons and history will be discussed in later
sections). As one of the suites of open-source LMSs, Sakai is more popular in higher education
institutions. It offers a basic set of learning tools and has the capacity to easily add or adapt new
tools (Guo, 2013). Its other advantages include a user-friendly interface, particularly in terms of
communication tools (Cavus & Zabadi, 2014). The usage of Sakai as a learning tool extends beyond
traditional classroom settings. It has been adopted by universities to create online environments for
distance education students and highlights the versatility of Sakai’s tools, which can facilitate
learning in various contexts (Amponsah et al., 2019).

Sakai’s tools can be apportioned into a few categories (Sakai Features, 2023). Table 4 shows the
categories and some examples of each — the complete list can be found in the “Appendix — Sakai
Tools”.

Category Tools

Communication and Collaboration

o Announcements, Chat, Commons, Forums, etc.
(Communication)

Grading and Assessment

Gradebook, Assignments, Rubrics, Test & Quizzes etc.
(Assessment)

Course Development and Delivery

Lessons, News, Resources, Syllabus etc.
(Content)

Course Management

Statistics, Roster, Polls, User Tools, etc.
(Management)

Community Contributed Tools

Attendance, BlogWow, Evaluation System, etc.
(Various)

User Tools

Profile, Membership, Preferences, etc.
(System)

System Administrator Tools
User, Server, Memory, etc.
(System)

External Integrations

Examity, eXplorance Blue, Opencast, Tsugi, Turnitin etc.
(Integrations)

Table 4: Sakai tool category summary
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2.4 Importance of Student Interaction with LMS Tools

The effectiveness of an LMS and its impact on student learning and performance has been a topic of
interest in several studies with various approaches to defining user interaction and obtaining data
related to these interactions.

In the study of LMS adoption in Nigeria by (Yakubu et al., 2020), their research shows that using an
LMS has the potential to improve instruction and learning outcomes (Yakubu et al., 2020).
Highlighted in the study is the factor of student acceptance and adoption of the LMS, which is
influenced by the perceived value from people that students regard as important (Yakubu et al.,
2020). This ties into the finding from (Rhode et al., 2017) which indicate that student use is both
driven and limited by faculty use and to the findings from (Fisher & Parker, 2016), suggesting that
the efficacy of LMS systems is based on whether they are well perceived by the students using them.

Learning Analytics, extracted from the Moodle LMS logs, can be used to predict a student’s
performance, as in the study by (Mwalumbwe & Mtebe, 2017); the results support the hypothesis
that interactions with the LMS have a positive impact on student performance. It was found that
tools like Forums, Peer Review and Interaction, and Exercises (Test & Quizzes) had the most impact.
In contrast, the number of downloads, login frequency, and time spent in the LMS had no impact on
students’ performance (Mwalumbwe & Mtebe, 2017). This can help institutions identify students
who may be at risk of poor performance and provide timely interventions.

In a similar study by (Zhang et al., 2020), the student activity in the Moodle logs were extracted and
used in a correlation analysis to determine the impact of student’s activity on the final assessment. It
was found that interaction with the course site, particularly opening files (higher frequency of
opening files), positively correlate with a higher grade; it also found that opening a file event in the
logs correlate positively with activity in a forum discussion, which supports the findings in the
previous study.

In a study by (Le et al., 2022), it was observed that high-achieving students accessed the LMS
resources more frequently than mid or low-achieving students. It’s interesting to note that in this
study, peer interaction was among the lowest average number of clicks per student, likely due to the
fact that peer collaboration in the LMS is often not obligatory (Le et al., 2022).

The study by (Sdiz-Manzanares et al., 2019) investigated the use of LMS with hypermedia Smart
Tutoring Systems with personalised student feedback and found that it enhanced student
engagement and understanding, leading to better learning outcomes.

Focusing just on online assighnments (Ahmed & Mesonovich, 2019) found that there was no doubt
that harnessing technology can enhance learning, whether it is inside or outside of the classroom.
The key, however, is how effective the learning tools are used in the classroom, the manner of which
requires a great deal of work, time, and patience.

In a study on the students’ behaviour in the Sakai LMS, the students who performed excellently in
learning spent more time in the Lessons tool and contributed actively to the discussion forums (Wan
et al., 2018).

In a similar study by (Avci & Ergiin, 2019), the students’ online activities were analysed to determine
their effect on engagement. In that particular paper, it was found that “students with high
participation had both high engagement and high performance. It can, therefore, be put forward
that high levels of student participation can lead to effective learning.”
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In Fisher & Parker (2016), it was found that in half of the courses analysed, there existed a significant
positive relationship between both measures of online learning resource utilisation frequency (i.e.,
course site visits and online learning resource downloads) and achieved course grade. This was
found to significantly change across the various course types, course levels of study and course
sessions. The study used student interactions in Sakai for all the students registered in a particular
faculty (Faculty of Commerce at the University of Cape Town), which was exported to the SAP
Business Intelligence platform.

2.5 What is the Limitation of an LMS

As with all software systems, there are limitations to what the system can achieve based on
architecture, development decisions and user requirements. In the case of eLearning systems (LMS,
VLE, CMS), these limitations can be defined in the restrictions of the tools to facilitate the learning
process through the delivery of learning materials (content, assessment, communication, etc.) and
the peer and social interactions it encourages or not.

Significant advancements have been made in terms of technology, architecture, functionality, and
content presentation. However, there are still key functionalities that are missing, such as content
and course personalisation, better content structuring, customisable syllabus and learning paths,
ontology adaptation, etc. (Pireva et al., 2015). More research is needed to understand the use of
tools to support higher-order thinking and how multiple tools interact to create deep learning
experiences for students in online learning situations (Kerr, 2011). Additionally the impact of LMS
use on pedagogical practices (Holmes & Prieto-Rodriguez, 2018) is still an area of ongoing research.

It is also important to note that not all learners take full advantage of the benefits that the LMS
might provide (Al-Rahmi et al., 2015). This might be due to the user’s computer literacy (ICT skills)
and/or time restrictions (Pireva et al., 2015).

There is a view that the restrictions on tools and content in an LMS should be unbundled to facilitate
more agile and open ways of accessing learning components. The existing LMS is seen as too
limiting, and the proposition is to move to what is often referred to as the "next-generation digital
learning environment" (NGDLE) to support more personalised and flexible learning experiences.
Rather than being a single system, the NGDLE would encompass a "confederation of IT systems and
application components that adhere to common standards...that would enable diversity while
fostering coherence" (EDUCAUSE Learning Initiative, 2015; Rhode et al., 2017).

2.6 Blended Learning

There are two influential papers which define blended learning. Firstly (Garrison & Kanuka, 2004)
defines blended learning as “the thoughtful integration of classroom face-to-face learning
experiences with online learning experiences.” Secondly (Graham, 2006) defines blended learning as
follows: “Blended learning systems combine face-to-face instruction with computer-mediated
instruction”. These two definitions differ on some points, as noted in (Hrastinski, 2019), but it shows
that blended learning has become an umbrella term for any combination of face-to-face and online
learning. (Dhiman & Gera, 2021) highlights the fact that in blended learning, the LMS aspect of the
student's learning environment lets them become an active participant in the teaching and learning
process to enhance their academic achievement. In the context of this study, the course sites used in
Sakai are used as supplementary learning content for the face-to-face classes and even capture
those classes as Lecture Recordings, which students can then view at their leisure.
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2.7 Conclusion

Overall, these studies suggest that the use of an LMS at a higher educational institution does have
the potential to positively impact the student learning experience. The efficacy depends on the use
of the LMS by the instructors, their ability to tailor learning experiences, facilitate peer interactions,
and the incorporation of interactive and multimedia elements to improve learning outcomes for
students. The scaffolding for the learning process is blended, meaning that there are face-to-face
classes with learning content available in the LMS.

The literature does highlight that there are limitations in mapping the direct interactions of learners
to their academic achievements; this is mainly due to the learning process being an internal process,
not just owing to their interactions with the LMS. Although most of the studies have limitations on
the number of courses, learner interactions, and tool selection, it was generally found that using an
LMS had a positive outcome.

This study aims to supplement previous research by including a more comprehensive range of tools
and course sites. Earlier studies, as identified in the literature review, were limited to specific
courses and tools or a closely related set of courses. In contrast, this study includes all available tools
in the Sakai LMS and all the undergraduate course sites for 2019. This is achievable due to the direct
access to the course site structure and student-generated events for each tool. By broadening the
scope of the tools and course sites, this study aims to review the tools selected and their usage for
undergraduate courses in the Sakai LMS.
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3 Methodology

3.1  Defining the Period of Study

The data set used for this study was selected based on day-to-day operations at the University of
Cape Town (UCT), where blended learning has been implemented across most faculties and
departments. The time frame for the data set selection was defined by two major events that took
place during the time of this study.

The first event was the #FeesMustFall movement, which began in the first few months of 2015 and
was repeated in 2017 and 2018 (Cini, 2019). The movement emerged in response to proposed
tuition fee hikes at universities, which sparked nationwide student protests (Cini, 2019). This tied
into a movement that was more specific to UCT, the #RhodesMustFall, where students demanded
the statue of Cecil John Rhodes be removed from their campus; as a consequence, the students at
the University of Western Cape claim that UCT sparked the #FeesMustFall movement (Langa et al.,
2017). Overall, the protests on various campuses caused multiple universities to suspend teaching
and learning for periods of time until such time as campuses could be re-opened and made safe
from interruption to classes. At UCT, this interruption in everyday teaching is visible in the event
summary graphs (Figure 43).

The next major impact on the learning project was in the early months of 2020; Coronavirus Disease
2019 (COVID-19) emerged as a global pandemic, which caused the South African Government to
declare a national disaster on Sunday, 15 March 2020 and to implement a nationwide lockdown that
started on Thursday, 26 March which lasted up until Thursday, 16 April 2020 (21 Days). This
lockdown had a significant impact on higher education institutions in South Africa. It limited face-to-
face classes and the movement of students to campus at the start of the year. This also necessitated
the development of alternative ways to ensure the learning project could continue (Landa et al.,
2021). One of the strategies implemented was the introduction of virtual classes (Mhlanga & Moloi,
2020). UCT took the threat of infection extremely seriously and instituted a transition to fully online
learning, which only returned to some normality for some faculties in 2021. This affected the choice
of tools for sites and their overall usage, as can be seen for 2020 events on the total number of
interactions graph (Figure 43) later in this document.

Both of these unprecedented events, which in their own way disrupted the learning project, affected
the manner in which teaching could proceed at the university and, in doing so, influenced the choice
of tools and student behaviour.

As part of Vision 2030 (Vision 2030, 2023) at the University of Cape Town, the Learning Platforms
Update Project (LPUP) (Learning Platforms Update Project, 2023) was announced in May 2021. The
project aims to choose a suite of online learning platforms to meet the needs of teaching and
learning for the next 5 to 10 years. After a rigorous evaluation of the current LMS (Sakai) and its
competitors, the committee decided to switch over to D2L Brightspace in early 2022 (The University
of Cape Town Selects D2L To Enhance and Future Proof Its Digital Learning Infrastructure, 2022). The
Brightspace LMS was branded as Amathuba (Amathuba, 2023) and, per the project plan, will replace
Sakai (Vula) LMS by 2025. The project required migrating 50 initial courses across faculties and
departments for the 2nd semester of 2022, affecting 55 teaching staff and over 2,000 students in the
pilot phase. Currently, there have been 467 complete migrations for 2022 course sites and 823 for
2023. This number is expected to increase during the last months of 2023 and into the first semester
of 2024, as the project plan calls for all undergraduate courses to be taught in Amathuba by 2024.
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Taking all of the events, incidents, and projects into account for the last couple of years, the most
normalised year, in terms of blended learning, could be seen as 2019.

The data for 2019 is extracted from the Sakai Database and Web Service APls (Application
Programming Interface). The information from the extracted data shows a course site's structure, its
associated tools, and users' interactions with the learning materials. (Burgos, 2019) suggest the
information captured around user interactions could help identify specific character traits about
users, which can be used to create predictive models or, in other cases, describe uniqueness. Using
the tool choices in conjunction with the user interactions could allow educational stakeholders, such
as lecturers, support staff, and university management, the knowledge to leverage LMS site
construction to improve the framework for student learning.

3.2  Learning Efficacy

Learning efficacy refers to an individual's belief in their ability to learn and perform tasks successfully
this is closely related to self-efficacy, which can be “defined as the belief individuals have in their
own capacities, in this case, the capacity to learn”. The studies referred to in “Antecedents of
employees' involvement in work-related learning: A systematic review” show that individuals with
higher levels of self-efficacy are more likely to engage in learning opportunities and experience
greater learning success, both in formal and informal learning settings (Kyndt & Baert, 2013).

Learning efficacy is also closely related to student interactions in an LMS. The social context of
learning and interactions within the course sites (lecturers and fellow students) can significantly
impact students' sense of valuation of goals, efficacy, and the nature of the task (Roderick & Engel,
2007).

The literature supports the view that students' behaviour using the Sakai LMS can be used to
evaluate their performance (Wan et al., 2018) and that high-performing students spend more time
using the Lessons tool and activities in discussion forums (Wan et al., 2018). Another supporting
study on Sakai data (Fisher & Parker, 2016) found that there “existed a significant positive
relationship between both measures of online learning resource utilisation frequency (i.e., course
site visits and online learning resource downloads) and achieved course grade”. The efficacy
depends on the student’s confidence in their abilities to perform specific tasks within the LMS, such
as navigating to the learning material, completing assessments, and overall engagement with the
tools in the site. This is impacted by the lecturer's design of the learning materials in the course site.

In this study, efficacy will be defined as the effectiveness of the LMS in facilitating student
interaction and engagement in the various tools available on a course site.

3.3 Unsupervised Learning Algorithms

The 2019 data set contains 2,509 course sites. There are 47,486 users enrolled as students and 9,802
in various other roles, which include lecturers (2,915), support staff (1,175), tutors (2,018), and
observers (1,354). Out of all the users enrolled in the course sites, only 46,511 have a valid UCT
student number, which suggests that some users enrolled as students are using staff (2,485), third-
party (222) or guest accounts (2,378). The students enrolled in the course sites generated
167,843,604 events as stored in the event table of Sakai.

The sites in the data set include undergraduate and postgraduate courses. The scope of the study
limits the selection to sites used for undergraduate blended learning courses. The course sites are
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then clustered around participants and tool selection to find a representative site in each cluster
that can be used to evaluate the user interactions with the chosen tools. This approach might
provide insight into the group of tools selected for a course site and how this impacts students’ level
of activity. The literature indicates that “high participation had both high engagement and high
performance” and “that high levels of student participation can lead to effective learning” (Avci &
Ergiin, 2019).

In order to select the best representation of sites, various clustering methods will be assessed to
determine which one is the most suitable for clustering the sites around participants, and tool
choices.

The clustering algorithms described in this paper are K-means, Partitioning Around Medoids (PAM),
and Hierarchical Clustering (bottom-up [AGNES] and top-down [DIANA]). K-means is one of the
simplest and most popular used unsupervised learning algorithms (Sinaga & Yang, 2020; Helm,
2021). It divides the observations into K number of clusters based on their similarities. This is similar
to the paper (Burgos, 2019), where the K-means algorithm was used to cluster students’ cognitive
styles based on survey findings. In (Avci & Erglin, 2019), K-means is used in conjunction with
Hierarchical clustering to group students based on their behaviour. PAM models the observation
similarly to K-means, but instead of using the nearest mean of the cluster, it uses an observation
chosen from the data set to be the medoid/prototype of the cluster (Schubert & Rousseeuw, 2019).
As an alternative to PAM, Clustering Large Applications (CLARA) was considered as it is an extension
of PAM, but it is more suited for a large number of objects (several thousand observations)
(Kaufman & Rousseeuw, 1990; Sinaga & Yang, 2020). This data set did not warrant the use of such an
algorithm based on the low number of observations. Hierarchical Clustering Analysis is an
unsupervised learning algorithm that classifies related observations across high-dimensional data
(Avci & Ergiin, 2019; Lee et al., 2016).

3.3.1.1 K-Means

The K-means clustering algorithm defines clusters where the total within-cluster variation is
minimised. To do this, the number of clusters is specified (named k), and then a random selection of
k objects is taken from the data set and set as initial cluster centres or means. Then iteratively, the
following steps are performed (Davidson, 2022; Maechler et al., 2022):

1. Assign each observation to its closest centroid, using the Euclidean distance between the
observation and the centroid.

2. For each cluster (k), update the cluster centroid by using the new mean values of all the
observations in that cluster.

3. Calculate the total within sum of squares and check exit conditions — cluster assignments
stop changing, or the maximum of iterations is reached; then loop back to 1.

3.3.1.2 K-Medoids Clustering — Partitioning Around Medoids (PAM)

The K-medoids clustering, more widely known as Partitioning Around Medoids (PAM), is related to K-
means clustering for partitioning a data set into a number of (k) clusters (Davidson, 2022). The
centres of the clusters are called medoids. The medoid is an observation which is the most centrally
located in a cluster of observations, meaning that the average dissimilarity between all of the other
members in the clusters has the lowest value (minimal). The medoids are representative of the
cluster and can be used in analysing the clusters. In contrast, with K-means, the cluster's centre is a
calculated mean point of all the observations in a cluster, not an actual observation.
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This algorithm is also a bit more robust than K-means as it is less sensitive to outliers and noise. As
with K-means, K-medoids require a user to specify k. The PAM algorithm consists of the following
steps (Davidson, 2022; Maechler et al., 2022):

Randomly select k observations to become the medoids.

Calculate the dissimilarity matrix (Manhattan or Euclidean).

Assign every observation to the closest medoid.

Review each cluster. If any observation in that cluster decreases the average dissimilarity
coefficient the most for that cluster, then select it as the new medoid for the cluster. If no
medoids have changed — end the loop.

P wnNE

3.3.1.3 Hierarchical Clustering (AGNES & DIANA)

Hierarchical clustering is a widely used unsupervised machine learning algorithm that groups similar
objects together based on their characteristics or distances between them. The main objective is to
create a hierarchy of clusters by either merging (bottom-up) or splitting (top-down) existing clusters
iteratively until a stopping criterion is reached. The algorithm is suitable for a range of data types
and mixed data sets. Hierarchical clustering is quite computationally intensive and, as such, is better
suited for small to medium-sized data sets. Unlike the previous clustering methods, the hierarchical
clustering algorithm does not require a pre-specified number of clusters (Kassambara, 2023e).

3.3.1.3.1 Agglomerative Nesting Hierarchical Clustering (AGNES)

The most common type of hierarchical clustering is the AGglomerative NESting (AGNES) approach,
where the observations are grouped based on similarity. This bottom-up approach divides all the
observations into “leaf” nodes, single element clusters, and then, on each step of the algorithm, the
two most similar clusters are combined (distance calculation). This is done iteratively until just one
node, the root, is left. The result is a tree-based representation of the objects, named a dendrogram
(Davidson, 2022; Kassambara, 2023a), visually showing the order of cluster mergers. This approach is
used more commonly because it is computationally efficient.

3.3.1.3.2 Divisive Analysis Hierarchical Clustering (DIANA)

The top-down hierarchical clustering approach is called Dlvisive ANAlysis Hierarchical Clustering
(DIANA). In this method, all the observations start in a single cluster (root) and then recursively split
into smaller clusters until each observation ends up in its own cluster (leaf). Divisive clustering is not
frequently used because of its significant computational complexity (Davidson, 2022; Kassambara,
2023d).
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4 Data Analysis

4.1  Extracting Data - Exploratory Data Analysis (EDA)
4.1.1 Introduction

As already stated, the sites selected for this study will include undergraduate blended learning
courses, which will be used to investigate their structure and draw conclusions about engagement.
To this end, it is necessary to identify and exclude sites which are not primarily teaching and learning
focused. This section explains the concept of a sites in Sakai (4.1.2), the data structures associated
with them (4.1.3) and their relationship with tools (4.1.8). It will also explore the various ways that
the data can be extracted (4.1.4) and which one is more suitable for this study (4.1.9). The different
ways that Faculties, Departments and Lecturers at UCT use sites are discussed in 4.1.5 and 4.1.6.

4.1.2 What Defines a Course Site?

The first page displayed when accessing the Sakai URL (vula.uct.ac.za) is called the “Welcome” page
(which incidentally is a “site” in Sakai called ! gateway). The “Welcome” page displays some helpful
links that users might find useful and the login forms to authenticate and access their learning
environment. After the login, the user is presented with their homepage, an instance copy of the
Ihome template site, which they can customise to their requirements. The course sites the user is
enrolled in are accessible from this page, either in the site menu bar or the “View All Sites” panel.
Accessing a course page allows users to complete tasks and access content, for example, completing
an assignment or sending an announcement.

An example of a course site would be the site called “History of Economic Thought”. This course is
taught in the Department “School of Economics” in the Faculty of Commerce, which then contains
the learning content, assighments, and communication channels for that course.

In Sakai, sites can also be created to manage other activities like projects, conferences, clubs, or
orientation-type sites. They have access to the same kind of tools, but their focus is mostly on
communication in a community.

BY CREATED YEAR BY PROVIDER BY YEAR
(2019)
Project 2,659 - -
Course 2,552 2247 2 509

Table 5: Number of ‘Course’ and ‘Project’ sites in Sakai by date, provider, or term

Table 5 shows the two types of sites available in Sakai - Project and Course. Most project sites are
not associated with a year, as they can run for multiple years or for a short period of time (i.e., a
Conference). The second row shows the number of course sites created in 2019 - this likely includes
sites destined for teaching in 2020. The next column indicates the number of sites where the
provider link contains the 2019 term value. The last column indicates the number of course sites
where the site property indicates that they are for teaching in 2019.

A provider is a university code associated with a course or program taught in a specific year; this
code can be linked to a course site to provide user enrolment information. Note that Sakai can link
multiple providers to a course site, which is rare in LMSs. On the creation of a course site, the year
can be selected, and this is stored as the “term” site property.

It is important to note that each LMS has its distinct security policies associated with roles in the
system (this might differ slightly for each implementation of an LMS). They might be named
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similarly, but the access and authority will differ. In this Sakai, different roles are created for the type
of site, and the privileges for those roles differ. On creation, the role templates are copied from the
“type” template (site.template.course, site.template.project)and applied to the site.

COURSE PROJECT

Site Owner Site Owner
Lecturer Project co-ordinator
Student Participant

Support Staff Support Staff

Tutor Group manager
Observer Observer

Librarian -

Table 6: Roles available in a course and project site.

Table 6 shows the roles that can be assigned to a site by “type”. The important roles in our analysis
are the “Lecturer”, ”Site Owner”, “Support Staff” (all of whom control the site participants and tools)
and the “Student”. The activity data of students will be used in determining the efficacy of the
chosen site tools and access to content.

4.1.3 Exploring the Data Structures to Determine the Structure of a Site

Sakia can use a variety of databases, namely, Oracle, MySQL, MS SQL, and MariaDB. In this instance,
the database is MySQL (version 5.7). Data in relational databases like MySQL are arranged into
tables, with relationships — hence the name, which contains rows of data describing each data entry
or instance of that type (table) and columns containing the entry's properties. Using the SAKAI_SITE
table as an example, the rows would contain the properties of a site, such as the title, creation date,
user that created the site, a unique identifier (SITE_ID), and other values. Other tables are linked (in
relation) to the site record by referring to the SITE_ID. The SITE_ID is a Global Unique Identifier
(GUID), a 128-bit unique reference number used in computing that is highly unlikely to repeat when
generated despite there being no central GUID authority to ensure uniqueness.

4.1.4 |Initial Data Export

Sakai is an open-source project, which allows us the unique opportunity to access the database
structure directly (other LMSs do not allow us this kind of direct access). To extract data on a course
site, it is required to construct a query in Structured Query Language (SQL), which defines what
tables to access and what properties to retrieve. The result of the constructed queries can then be
exported as Comma-separated values files (CSV). The queries and export formats are standard
practice in most studies of this format and increase the reproducibility of the classification process.
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Figure 3: Relationship between site, tool, and property.

The initial export included only the course sites with the TERM property selected with the value of
“2019” (SAKAI_PROPERTY name="term” AND value="2019”), the tools associated with that site
and the values for SITE_ID, TITLE, published status, creation, and modification. The CSV files, which
are easily inspected with Microsoft Excel, indicated that the site structure and details were correct
and further processing and classification was then done in R.

4.1.5 Providers and Realms

The initial data export only contained information about the course site and associated tools.
Additionally, the provider information gives us faculty, department, degree level, year, and user
enrolments.

Figure 4: Relationship between site, tool, property, provider, and role tables.

The queries were improved to include the relational link between the site and the realm. A realm in
Sakai is a combination of roles and permissions for a site, which means that the enrolment and
provider link information can be extracted. In the table structure (Figure 4), the relationship
between the site (SAKAI_SITE), realm (SAKAI_REALM), provider (SAKAI_REALM_PROVIDER), and the
enrolment (SAKAI_REALM_RL_GR) tables can be seen. The SAKAI REALM_RL_GR table contains the
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user’s unique ID and the relationship to SAKAI_REALM_ROLE, which defines what type of role the
user is enrolled in.

The provider table contains the link from the university code to the site and, as such, also manages
which users will be enrolled as a “Student”. Sakai retrieves the enrolment information from the
Student Information System (SIS) and processes the required updates and enrolments.

A provider is constructed as either a course code in this format:

AAAINNNB,YYYY

AAA s the three-alpha code of the department or unit administering the
course or, in the case of a faculty-administered course, of the Dean’s
Office
| Indicates the academic level of the course
nnn ldentifying numbers between 000 and 999
B The ‘year portion’ indicator, or suffix, identifies the type of course and
when it is offered (Explanation in attached appendix)

YYYY The year of this course
Table 7: Provider Structure — Course Code

Or as a program code in this format:

FDnnn,YYYY

F Single character denoting Faculty
D Single character denoting the type of qualification (e.g., M — Masters)
nnn ldentifying numbers between 001 and 999

YYYY The year of this course
Table 8: Provider Structure — Program Code

The course that was mentioned earlier (e.g., “History of Economic Thought”) has the course code
provider of “ECO3016F,2019”, which breaks down as follows:

ECO Course in the School of Economics
3 3™Year Course

016 ID of the course
F 1% semester (half) course

2019 The year of the course is taught in
Table 9: Provider Structure Example

The same structure can be used to link multiple providers to a course site in the LMS; the course or
program codes are concatenated with a “+” character; for example, the course “Secondary Piano,
2019” has the provider value of “MUZ1281H,2019+MUZ2281H,2019”. This indicates that the course
is provided by the South African College of Music (MUZ) and can be completed in the student's 1%t or
2" year; the course is taught over a year (H - Half course taught over a full year) in 2019.

Using the provider information, the analysis data set can be filtered to only include undergraduate
courses taught in 2019. Sites with providers that include program codes generally overlap an entire
department or faculty. From the initial findings, these courses are generally used for communication
and not teaching and learning; as such, they will be excluded from the analysis data set.

Not all courses in the university are associated with Sakai sites; a data extract from the SIS for all
courses in 2019 results in the following table.
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Description Academic Career Code Total

Undergraduate UGRD 1,848
Masters MAST 1,477
Honours HONS 634
Post-Graduate Diploma PGDP 401
Medical MEDS 364
Business Degree BUSN 202
Doctorate DOCT 173
Post-Doctoral PDOC 54
*Postgrad Non-Degree NDGP 38
*Undergrad Non-Degree NDGU 12

5,203

Table 10: Total number of courses for each academic career code.

* Used by occasional students and semester study abroad students. These students do not complete
a degree; they only start certain courses for a term or semester.

The table above indicates that there are 5,203 course codes in use at the university for various
academic career options. Note that there are 1,848 undergraduate course codes which fall under the
scope of this study.

The courses can also be grouped by faculty:

Figure 5: All course codes grouped per faculty - 2019 (SIS).

The graph (Figure 6) on the following page shows the academic career codes grouped by faculty.
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Figure 6: Number of course codes per academic career code grouped by faculty.
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Figure 7: Only undergraduate course codes grouped per faculty - 2019 (SIS).

Figure 7 (above) indicate that the Faculty of Humanities has the most course codes and
undergraduate courses. Note the absence of the Faculty of Health Sciences in the undergraduate
graph; this faculty does not use the Undergraduate (UGRD) academic career code for their
undergraduates (pre-doctor). They use the MEDS academic course code. Notably the course site
data set might not match the number from the SIS source, as sites in Sakai can link multiple course

codes to a single site (Table 11).

Table 11: Faculty codes with total number of courses, undergraduate and medical degrees

In the next part of the analysis, the MEDS academic career code will be included, as undergraduate
courses are associated with those course codes. Using the course site data and grouping them by
faculty highlights a single course associated with multiple faculties and 152 sites with no faculty or

department (empty provider link).

Figure 8: Number of course sites per faculty.
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The course associated with multiple faculties is an information site for undergraduates to inform

them about getting “Funding for Postgrad”. As such, it will be excluded from the subsequent data

sets.

Table 12: Course site linked to multiple faculties.

Mapping all the provider link combinations in Sakai course sites results in the following graph:

Number of Course Sites per Academic Career Code (n = 2508)

BUSM

HONS+MAST

nacT

MAST +PGOP

HONS+PGOP

HONS+UGRD

DOCT+MAST

PGOP+UGRD

MEDS+PGEDP

DOCTHHONS +MAS T+POOC
DO T 1HOME FMAST
KMEDS+NDOGL:

MAST+HUGRD
DOCT+MAST+EDOC
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HONS-PGDP+HUGRD
HONS+MASTHUIGRD
HONS+MAST-PGDOP+UGRD
HON S+MAST+PGLP
HONS+MAST-NOHGP +PDOC+PGLP
DOCT+MAST+PGDFP

Academic Carger Code

BUSN+IAST

Number of Course Sites

Figure 9: Number of course sites per academic career code.

It can be seen that there are various sites with combinations of academic career codes, filtering
them on undergraduate and medical degree codes results in Figure 10.

Number of Course Sites per Academic Caresr Cods [~UGRD,~MEDS] (n = 1207)
UGl
MEDS
HONS-UGRD
PGOP-UGRMD
MEDS+PGDP
MEDS-NOGL

MasT-UGRD

Academic Career Code

HONS-PGOP-UGRD

HONS | MAST-UGRND

HONE+MAST-PGOP-UGRD

DOCT-HONE+MaST-UGRD
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Number of Course Sites

Figure 10: Number of course sites by academic career code filtered on undergrad and medical courses.

1038

1036

In Figure 9 (above) there are around 160 sites that do not have any provider information; thus, there
is no academic career code. In that set, there are 12 “Turnitin” specific sites; these sites have been

created by lecturers or admin staff as a way for students to submit assignments or, more likely,
thesis/dissertation documents to the Turnitin plagiarism detection service.
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Figure 11: Number of sites with no faculty or career code grouped by provider.

This leaves 148 course sites without faculty, provider, or academic career codes. These sites (Table
13) contain various functions and do not fall into the scope of teaching and learning sites used in this
analysis.

Table 13: Course sites without faculty or department.

Figure 12 uses the information from Figure 10 as the base and focuses just on the MEDS academic
career code and the combinations thereof.

Figure 12: Number of course sites per academic career code filtered on MEDS.
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There are three courses in combination with post-graduate degrees (MEDS+PGDP) and 2 with

undergraduate non-degree courses (MEDS+NDGU), which are course codes created to manage
certain courses for occasional students.

Table 14: Course sites for MEDS+PGDP or MEDS+NDGU.

Table 14 displays the title, faculty, academic career code, department, year level for the course,
number of year levels, and number of provider links for each of the MEDS academic career code
combinations. The high number of provider links normally indicates that the course site is used in
more of an administrative role instead of teaching and learning. Plotting the number of provider

links for all the MEDS academic career codes, it’s possible to limit the course sites per number of
provider links.

Figure 13: Frequency histogram of provider links in MEDS academic career code.

Table 15: MEDS academic career code sites (Top 10) ordered by number of providers.
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Reviewing the course sites for the MEDS academic career code strongly suggests that the analysis
data set should be filtered on the number of provider links per course site. This will help to exclude
administrative sites and sites with multi-focus intent (not teaching and learning).

It is evident (Table 15) that MBCHB (“Bachelor of Medicine and Bachelor of Surgery” degree) courses
make up a majority of these courses and should likely be excluded from the analysis data set.
Inspecting the sites confirms that they are used for a collection of courses and materials.

Figure 14: Number of course sites for UGRD academic career code.

Most course sites are just undergraduate sites (1,036). There are additional combinations (7 groups,
shown above, 22 sites) with other degree codes. The histogram (Figure 15) based on the number of
provider links (below) shows that most sites have a small number of provider links, which fit in with

the current constraints.

Figure 15: Frequency histogram of provider links in UGRD academic career code.

Page 26 of 114



Table 16: Combination of UGRD academic career code (Top 10) ordered by number of providers.

In Table 16, there are a few administrative sites, for example, “Geomatic Students 2019” and “MSC
2019”. These course sites have a high number of provider links associated with the course site. This
table and Table 15 (MEDS degree courses) suggest using both the number of provider links and the
number of year levels to filter out cross-departmental and administrative sites.

Most sites conform to the 2019 selection (year/term) for course sites (Table 18Table 17). The course
sites outside the selection criteria contain enrolled students from other years like 2020 and 2018 or,
likely in error, 2013, 2015, and 2016.

Figure 16: Number of course sites per term.

Table 17: Course sites with NA term

Table 17 has five examples of sites with no year selected; all 12 in the data set are Turnitin sites and
are to be excluded from the analysis data set.
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Table 18: Course sites where the term is not 2019.

Some sites, marked as 2019 course sites, have providers that do not link with the same year (Table
18). The sites are a mixture of application sites for 2020, sites that were not completed in 2019 and
continue into 2020, and sites that have been duplicated from previous years. If a site is re-duplicated
in 2019, Sakai will set the “term” property value to 2019. The value can be changed later on, but Site
Owners often forget. All the course sites will be excluded from the analysis phase as the student
activity data will be contaminated by different years.

Before looking at duplication, test, and tutorial sites and also the participant data, the following
constraints can be applied:

VI.

Course site has a valid Faculty, Department, and Academic Career Code.
Academic Career Code in UGRD, HONS+UGRD, MEDS

(focus on undergraduate courses).

Year level between 1 and 3 (exclude sites that span too many years).
Number Provider links between 1 and 3.

Course site is not for “MBChB”.

Term is 2019.
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Figure 17: Number of course sites per faculty before and after constraints have been applied.

4.1.6 Exclusion of Duplicate, Test, or Sandbox Sites

After the initial constraints were applied, the course sites were reduced to 1,109. Upon revision of
this data set, it became evident that some sites are duplicates of existing sites. This section will
identify, evaluate, and, if necessary, exclude these sites.

Lecturers might use these sites to test teaching approaches, assessments, attendance, or content
archiving. Typically, the configuration of the provider link for the test sites is different from the live
sites, as lecturers would not necessarily want students to be enrolled in them. Table 19 describes the
details of sites used for admin queries or managing lab marks and attendance.

Table 19: Course site with low total tool count, exception sites
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The site “Admin Queries 2019” only has one student visible tool assigned, and the similarly named
site “STA1000F Admin Queries 19” follows the same structure. These course sites were created in
February and July of 2019 (first and second semesters) for the Department of Statistical Sciences 1°
year courses. The sites have a limited tool set, primarily “Question and Answers” (qna) and a
reasonably high student-to-lecturer ratio (1225:1 and 227:2, respectively). The “Question and
Answers” (gna) tool was used to answer questions students might have about assignments, lectures,
quizzes, tests, tutorials, workshops, and other topics. The assessment type tool was used as a
Frequently Asked Questions (FAQ) communication tool.

The Department of Physics course sites with the title structure “Lab [Marks] [Provider]” include a
couple of tools, namely Overview (a welcome page), Gradebook, Roster, and Search. The concluded
purpose of this site is to display the list of participants (roster) and allow the lecturer to
communicate the students' respective grades for each of their Lab sessions. Although “Lab
PHY2004W,2019” and “Lab Marks PHY1012F,2019” have the resources tool linked, there are no
resources linked (no files uploaded).

These sites were all excluded from the data set as they are used in an administrative capacity to
communicate grades and attendance at laboratory sessions.

Identifying and excluding sites with “sandbox”, “test”, or “duplicate” in the title is a straightforward
process, but it's not always possible to find every site with these keywords. The sites containing

these keywords are shown in Table 20.

Table 20: Sites filtered by "test" or “sandbox” in the title.

The site “INF1102S_Makeup Test” is set up for Informatics students to do a make-up test. The site
“Tests STA1000S,2019” is used to administer a Quiz to students; both these sites are valid and
should not be excluded. “FTX3045S- TEST 1 —2019” and “FTX3045S TEST 1,” on the other hand, do
have corresponding teaching courses.

Table 21: Test sites for FTX3045S.

Similarly, “BUS1036F,2019” has a test site “BUS1036F 2019 (test site)”, which will be excluded.

Page 30 of 114



These sites are sometimes not published (made available to students). There are appropriate
reasons for a lecturer to unpublish their sites, which alone is not a good indicator of test sites.

Further title analysis is required to find duplicate sites (if obligingly indicated by the lecturer's change
of site title), test, or sandbox sites.

Table 22: Course sites with the same title.

There are 38 sites with an exact match on the title; some sites can be excluded because they are

sandbox sites, have been unpublished, or do not have a provider link. Five sites warrant further
investigation (Table 23).
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Table 23: Duplicate titles that are published with a valid provider.

Looking at the students enrolled in each site and the events generated (more detail later), Table 24
shows which sites to exclude from the data set.

COURSE SITE # STUDENTS STUDENTS # EVENTS % DIFF
PRY2002W,2019 41 The same students in both sites é g'izz 125.107%
. . A 675
RDL1006W,2019 17 The same students in both sites B 526 24.813%
. . A 2,697
SLL1132S,2019 17 The same students in both sites B 618 198.262%
SWK4015F,2019 52 The same students in both sites g 14’822 194.062%
SWK4031S,2019 49 The same students in both sites g 10’2;2 195.129%

Table 24: Comparison of duplicate sites showing the number of students and events.

All the sites have provider links, so the student enrolment for each is identical. The events are the
sum of all events for students in those sites (student interaction with tools in the site), which in all
the B sites are lower than the A sites. Calculating the percentage difference between the number of
events for sites A and B (| A-B| [A+B/2]x1@0), the sites with a significant difference will be excluded,
which in this case means that both “RDL1006W,2019” sites will remain in the courses data set.

To find duplicate sites, the course titles can be analysed (as shown above), allowing for situations
where the titles might differ slightly. To achieve this, several string comparison methods can be
used. These methods include Levenshtein, Damerla-Levenshtein, Jaro-Winkler, Cosine similarity, and
REGEXP. While each method has its strengths, REGEXP was found to be the most accurate in
detecting duplicate course sites.

In reviewing all the sites in the data set and evaluating them in a similar manner as the sites in Table
24 (i.e., by looking at tools, participants, and event data), 66 course sites were identified as
duplicates. They were excluded from the final data set.
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4.1.7 Understanding Site Participants

Figure 18: Number of course sites per department grouped by faculty.
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Figure 18 reveals that out of the 1,043 course sites, the Faculty of Humanities (HUM: 407) has the
most course sites, followed by the Faculty of Engineering & Built Environment (EBE: 204), then the
Faculty of Science (SCI: 161), Faculty of Commerce (COM: 103), second to last Faculty of Health
Sciences (FHS: 96) and then lastly Faculty of Law (LAW: 72).

In the next section of this document the enrolment (or participants as it is called in Sakai) will be
examined as this might also impact the tool choices for the course sites.

Freq. of Lecturers in 2019 Course Sites (1043} (Min: 0, Median: 1.000, Mean: 2.870, Max: 74)
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Figure 19: Histogram of the number of Lecturers and Site Owners in 2019 course sites

In Sakai, when a user creates a new course site, that user will automatically be enrolled as a “Site
Owner” in the site; this means there will always be such a role for the course site. The “Site Owner”
role is practically identical to the “Lecturer” role, as it just differs by name; most users don’t change
their roles. The user might not be the eventual lecturer for the course site and might be part of the
administration staff of a department used to create course sites. Looking at the histogram of
“Lecturer” roles in course sites, it is clear that there are quite a number of sites (429) that do not
have that role assigned, but there are no sites without a “Site Owner”. Table 25 shows five examples
of such sites.

Table 25: Course site where Lecturer participants are 0.

In the further mapping of participants, the “Lecturer” and “Site Owner” roles will be combined as
they have the same permissions and are interchangeable in course sites.
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On the other end of the histogram, there are sites with many “Lecturer” or “Site Owners”.

Table 26: Course site participants ordered by number of Site Owner descending (Top 10)

The sites shown in Table 26 emphasise that combining the “Site Owner” and “Lecturer” is a valid
approach. Reviewing the top course sites by “Lecturer” (table below) firstly highlights the chance
that a site like “AHS4065W,2019”, which has 35 participants (“Lecturer”: 27, “Site Owner”: 3,
“Support Staff”: 5) has no students (“Student”: 0). It also shows that there are sites with a large

number of students versus lecturers, like “Discovery Commerce 2019” with 25 “Lecturer”, 16 “Site
Owner” and 1,107 “Student” roles.

Table 27: Course site participants ordered by number of Lecturers descending (Top 10)

The next set of participants to analyse before the “Student” role are “Support Staff” and “Tutors”,
the roles that support the teaching and learning on the site. These roles have more access to the

various tools (can mark assignments, upload content, and create announcements) but cannot add or
remove tools and participants.
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Figure 20: Histogram of the number of Support Staff and Tutors in 2019 course sites

The histograms describe the number of “Support Staff” and “Tutor” roles in the course sites. More
than a third of the sites do not have any of these roles assigned to them.

As these roles are close to identical in the LMS, their combined totals can be viewed to get a better
sense of how the support roles are distributed in the course sites.

Figure 21: Histogram of the number of Support Staff and Tutors (combined) in 2019 course sites

The histogram (skewed right) shows the expected result that most course sites do not include
support staff (280), which means that they rely more on lecturers’ interactions. Looking at sites with

a high number of support staff (Table 28), it is easy to see that the participants were added due to
the high number of students in the course site.
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Table 28: Course site participants ordered by number of Support Staff and Tutors (Top 10)

There are other possible participants (roles) that can be added to a course site. These roles are
“Reviewers”, “Observers”, and “Librarian”.

Figure 22: Histogram of the Other Roles (Reviewers, Observers, and Librarian) in 2019 Course Sites

The histogram (Figure 22) shows that there are a few courses that include these roles, but mostly in
small numbers; the outliers (shown in the table below) indicate that there are a large number of
“Observer” roles in these sites. The “Observer” role is a read-only access role that can access content

but has limited interaction with other site participants. In a sense, these roles are all excluded from
this analysis and are shown here for completeness.

Table 29: Course site participants ordered by number of “Other” (Top 10)
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Figure 23: Histogram of the Number of Students in 2019 Course Sites

The right-skewed histogram of the “Student” role in course sites indicates that most sites contain a
low number of students, but there are sites that contain significantly more students than average
(Max: 1,423). Table 30 contains the top 10 sites by student enrolment.

Table 30: Course site participants ordered by Number of Students (Top 10)

There are a couple of interesting course sites shown in the table; for example, “Tests STA1000S,
2019” is a site with a student-to-lecturer ratio of 306.50 (1226:4) (on the higher end of the scale) and
a student-to-support (tutor) ratio of 204.33 (1226:6) (also on the higher end of the scale). This site
contains 8 tools, 4 visible to students (Announcements, Test & Quizzes, Test Group Signups). This
site was created and used primarily for the exam of this course:

Figure 24: Course site overview of "Tests STA1000S,2019" - indicating primary usage.

The site with the highest number of students (1,423) is “EC01011S 2019”, with a student-to-lecturer
ratio of 88.938 (1423:16) and a student-to-support ratio of 27.365 (1423:52). The site is used to
teach the introduction to macroeconomics to 1% year students.

Another interesting site with a high number of students (1,107) is the Faculty of Commerce site
“Discover Commerce 2019”, linked to the course codes DOC1103H and DOC1003H (Providers). This
course site is constructed with several lesson tools, resources, and communication tools to support
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the student in creating “an excellent foundation for success, both at UCT, and in your future lives
and careers”.

DISCOVER

Figure 25: Course site overview of "Discover Commerce 2019" - indicating primary usages.

The Department of Computer Science created a course site for all 1°t year students enrolled in
CSC1015F and CSC1017F (Providers); it has 1,057 students enrolled and contains custom learning
tools to provide an environment for students to expand their programming skills in Python.

Figure 26: Course site overview of "CSC1015/17 Challenge,2019"

Focusing on the sites with a low number of students, the histogram (Figure 27) has more of a
multimodal distribution and indicates that there are some sites with no students at all.

Page 39 of 114



Figure 27: Histogram of the number of students in 2019 course sites with 50 or fewer students

Table 31 is an extract of the histogram data
that shows the number of sites that contain the
lowest number of students (counting the
number of sites with 10 or fewer students).

This highlights an issue which will impact the
final assessment, in which the student
interactions with a course site will be
evaluated. The sites with a low number of
students (0, 1, and/or 2) should probably be
excluded from the analysis data set as the
results obtained from them would likely be
inaccurate when applied to the complete
student body.

Table 31: Number of Sites per Number of Students
(Bottom 10)

Table 32 shows the enrolment details for course sites in which there are no students enrolled.

Table 32: Course site with 0 students (15)
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Table 33: Course site with 1 or 2 Students (7/15)

As stated before, the number of students in a site is important because their activity on the site will
be used to determine the efficacy of the tools used. With this in mind, the constraint will be updated
to include all course sites with at least 4 students enrolled.

For the following set of graphs, this restriction is applied, and the “Lecturer” and “Support Staff” role
was combined into “Lecturer”; the same was done for “Support Staff” (which is the combination of

“Support Staff” and “Tutor”). Figure 28 is the updated histogram with the sites removed with less
than 4 students.

Figure 28: Histogram of the Number of Students in 2019 Course Sites (with more than 3 students).
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Figure 29: Histogram of the Number of Students in 2019 Course Sites

The histogram (Figure 29) shows the ratio of students to lecturers for the 997 course sites. This ratio
is generally quite low (mostly below 50 students to lecturer); there are some outliers, which, when
examined, might add to the existing constraints. The following table (Table 34) shows the top 10
course sites with the highest student-to-lecturer ratio.

Table 34: Course site order by Student to Lecturer ratio (Top 10)

The highest ratio is found on the site for “CIV2020X,2019". This site is used primarily to
communicate with students and deliver resources for their studies, so although it has a high student-
to-lecturer ratio and learning content is scarce, it still qualifies as a teaching course site. In the top 3
is “Tests STA1000S,2019” (which was discussed previously) and “CIV2020X,2019”. Both have a high
student-to-lecturer ratio and the tools selected are centred around signing up for groups, and
announcements for the “Test & Quizzes” tool. The other tools are lecturer visible tools, which help
with administration like gradebook and site setup. In contrast, the site “STA1000S,2019” is a well-
structured teaching site with tools to communicate, assess and deliver content to students.
“BUS1036F,2019” is similarly structured.
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Figure 30: Ratio of Student to Lecturer and Students to Support by Faculty.

Figure 30 shows the combined “Student to Lecturer” ratio and “Students to Support” for each
faculty for the chosen undergraduate sites. To note is that the number of “Lecturer” users used in
the ratio calculation is the combined roles of “Lecturer” and “Site Owner”, and the “Support” is the
combined value of “Support Staff” and “Tutor”. The actual values for each faculty might differ
somewhat from those reported in the extract from the UCT Teaching and Learning Report (Various,
2019). This shows the full-time equivalent enrolments (FTE) for academic staff grouped by faculty.
The “Student to Lecturer” (student to academic staff) differs from the official figures because not all
academic staff teach in the LMS; the site owners (which might be administrative staff) are combined
with the “Lecturer” value (in the data set), and the site selection is limited to undergraduate courses.

Figure 31: Full-time equivalent (FTE) enrolments per academic staff member across the institution.
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Plotting the number of students to the number of lecturers (Figure 32 - grouped by faculty) shows
that the ratio (x/y) of student to lecturers are generally quite low (clustered around the low X and Y
values). The outliers are for courses in the Faculty of Commerce (COM) where there are a high
number of students and a low number of lecturers (i.e., “ECO1011S 2019”, “ECO1010F,2019",
“Discover Commerce 2019”). The Faculty of Science (SCI) courses are ones that were identified
already (“Tests STA1000S,2019”, “STA1000S,2019”,” CSC1015/17 Challenge,2019). There aren’t any
courses that fall into the quadrant of many students with many lecturers (top right). Some courses
contain many lecturers and a lower number of students (bottom right); these courses are to be
found in the Faculty of Engineering & Built Environment (EBE) (“CHE4045Z,2019”, "EEE4022S,2019")
and in the Faculty of Health Sciences (FHS) (“IBS1007S, 2019”, "Molecular Medicine 2019”). That
might be due to having outside industry-specific lecturers for the various courses.

Figure 32: Number of Students to Lecturer in participants grouped by Faculty.

It maps the number of lecturers to the number of students, and Figure 33 shows the percentage of
students and lecturers enrolled users on a site. It is evident that most users in the course sites are
students, as the points are clustered around the top left side of the graph. There are several
Humanities (HUM) courses around the (0.5, 0.4) mark as is a single course in the Faculty of
Engineering & Built Environment (EBE) (“EEE4022F,2019”) and Faculty of Health Sciences
(FHS)(“Molecular Medicine 2019”), and then three courses from the Faculty of Science (SCl)
(“STA2007H,2019”, ”CSC2005Z,2019”, “CSC3023F,2019”).
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Figure 33: Percentage of Students and Lecturers in participants grouped by Faculty

Table 35 shows the enrolment details for those sites:

Table 35: The lowest percentage of students and lecturers per course site

The next section looks at the data extraction process to get the content for the course sites and the
user interactions with the tools.
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4.1.8 Sakai Database Structure — Site and Tool Tables

This diagram displays the table relationships between the tools available in Sakai and the course site table (middle top).

Figure 34: Relationship between the site table and all the tool tables.
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Each tool in Sakai has a set of tables to describe the information used in the tool and a relational
reference to the site (SITE_ID). The data was exported as CSV files with the selection of important
fields that include creation information, ownership, and details of user activity (this varies by tool).

There are two main content type tools used in course sites in the LMS, namely “Resources” and
“Lessons”.

The “Resources" tool allows instructors to share a wide variety of files with their students within a
site (individual users may also have resources within their personal “My Workspace” area). The
“Resource” query lists all the files in a course site and contains the SITE_ID, filename, size, and type
(mime type). This information only pertains to files. It does not include permission and visibility
information inherited by folders. This file visibility for students is remedied by using the advanced
data export methods described later in this study.

Users with the correct permissions can upload almost any file (might be restricted by file size,
depending on configuration) that they want to make available to other users on the site. These files
can include documents, spreadsheets, slide presentations, audio, and videos, as well as web pages
(HTML), simple text documents, library citations, and shared links to useful websites. The files and
links can be organised into folders and subfolders, making it easier for users to locate and access.
The file entry can include contextual remarks, which can be shown during specific dates and times.
Lecturers can notify students by email when an item is added to the resources (What Is the
Resources Tool?, 2023).

Whenever a file gets uploaded to resources, the metadata for the file gets updated in the table
(database). The metadata contains, among other things, the name of the file, the size of the file, and,
important for our comparison, the type of file.

The type, also known as the Multipurpose Internet Mail Extensions (MIME) type, indicates what kind
of file this is. MIME types are defined and standardised in IETF's RFC 6838 (Freed et al., 2015).

The MIME type structure consists of 2 parts: a type and a subtype, separated by a slash (/), with no
whitespace in between. Each kind of file will have a combination of type and subtype, always both,
never just one.

type/subtype

The type indicates the general category of the data, such as audio, video, or text.

The subtype identifies the exact kind of data; for example, “video/mp4” denotes that this is a video
file in the format of an mp4. Another example is “application/pdf”, which shows that the file is
associated with a specific application (pdf - Portable Document Format). To make the comparison
with “Lessons” easier, some “type” for files will be changed to a new factor called “document”,

which describes reading or study material. These are text/html, text/plain,
application/msword, application/epub+zip, application/pdf, text/x-r-markdown,
text/x-r-markdown, etm.

Figure 35 indicates the number of discrete types of files, grouped by main “type”, followed by a
graph which shows the total number of that “type” and, finally, the total size of that “type” in the
data set.
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Figure 35: Number of discrete mime types, number of files in resources, and size of the files in resources.

The “Lessons” tool allows lecturers to structure the learning pathway for students by constructing
pages with various items (item types are shown below) and linked to the navigation bar (What Is the
Lessons Tool?, 2023). The items can be arranged in any order and give a high level of flexibility to the
course designer (lecturer) in terms of scaffolding the learning experience from a content delivery
perspective.

a)
b)
c)
d)
e)
f)

8)
h)
i)

Text item (i.e., content on the page — Rich Text / HTML) (type:5)

Content links to items in Resources such as files (type:1) or URLs (type:6)
Link to a Resource folder (type:20)

Multimedia Link (like Video) (type:7)

Links to published assignments (type:3) or assessments (type:4)

In-line question items on the page (type:11)

Links to forum topics (type:8)

Links to subpages (type:2)

Checklist (type:15)
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j)  Published Announcement (type:17)

k) Learning Tool (LTI) (type:12)

I)  Student comments on the page (type:9)

m) Calendar Entry (type:19)

n) Links to student pages where students may create content (type:10)

As with “Resources”, the “Lessons” tool pages can be analysed, and the items in the pages can be
grouped by their type. Some of the types are structural and not relative to content comparison, e.g.,
Break or Section (type:14). There are some, like the Resource Folder (type:20), which will be
excluded as it is already includes the resource file information in another part of the data set and it
unnecessary to re-introduce the files here.

Figure 36: Total Number of Lesson Types

4.1.9 Advanced Data Export

At this stage, the data set contains the site information, providers, participants, and content
provided by the tools. The tools in the course data set, because it was extracted directly from the
database, give an administrator view of the site structure (which is similar to “Lecturer” / “Site
Owner”) to be able to evaluate student interactions with the site, the student view of the site is also
required to evaluate the impact of the tools on their learning experience. The visibility of the tool in
a course site is defined by the role associated with the logged-in user and the permission structure
of the realm associated with the site. Constructing a database query to extract this information
would be too complex to evaluate. The logic of which tools are visible in the navigation bar is part of
the Sakai codebase.

Another issue that was found is that the information about linked tools, which use Learning Tools
Interoperability (LTI), and outside web pages were incomplete, as it does not show the URL or
properties for the link, which means that they could not be distinguished from each other (except
through title, but that is not a dependable identification method).

The access that a user has to interact with a tool in the course site changes depending on their
assigned role. As an example, the “Lecturer” role can create pages, add content links to resources
and define the flow of lesson content, whereas the “Student” role can access the page and read the
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pages but will not be able to change the content. Similarly, In the Assignment tool, the “Lecturer”
can create and change assignments, and the “Student” can submit assignments, which might include
uploading files. The “Lecturer” role can view all the submitted assignments and files, whereas a
“Student” role will only have access to their content, and a “Tutor” might be able to view all the
submissions for a group of students.

The tool visibility information (permissions for the tool) and the configuration for the linked tools are
obtainable when using the Sakai API. An Application Programming Interface (API) allows the access
to internal logic to access, update, or delete data in a system. In this case, Sakai has a Simple Object
Access Protocol (SOAP) and a REpresentational State Transfer (REST) interface ([server
address]/sakai-ws/). To retrieve the site information (tools, structure, permissions, and
configurations), the following steps are required: authorising the call with Sakai, requesting the date
from a specific address (also called an endpoint), and processing the data received. This is similar to
the process diagrammed in “Students' behaviour analysis under the Sakai LMS”, Fig.3 Extract roster
and the data of assignments and tests (page 252, Wan et al., 2018). Using the SOAP API, the request
response is returned as a well-formed XML document. In this study, the REST APl is used to obtain
the data, and the response object is formatted as JSON (JavaScript Object Notation). The site
description for each site is obtained, then the tools (called pages in navigation context) and the
permissions for the site. This resulted in 7,527 files (3 files per site — site details, pages, permissions;
for 2,509 sites). The details, pages, and permissions were combined into a comprehensive data set
that defines the visibility of each tool per role, then processed to create a data set for all the tools on
the site and one for tools visible to students.

4.1.10 Accessing Outside Data Sources

IMS Learning Tools Interoperability (LTI) is a standard describing the details of the connection
between third-party learning applications (a learning tool) and the learning management system
(LMS). The learning tools generally add additional functionality that is likely not part of the standard
LMS experience. There are a variety of tools available, including eBook readers, attendance,
geographic data representation, Turnitin, and lecture recording.

Figure 37: Number of tools in All the course sites
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Figure 37 sets out the total number of outside linked tools in all the 2019 course sites; from this
representation, the top 5 tools are a web link to Zoom (an online video collaborative meeting
service), WebAssign (a Learning platform providing assignments and other instructional tools), an LTI
link to a generic e-book reader, and an LTI link that has not been configured at all. Figure 38 uses the
subset of course sites and shows the number of tools in each site, visible to lecturers (all) and the
tools visible to students.

Figure 38: Number of tool instances in course sites grouped by visibility to students.

The same list of available tools are shown, but it is obvious that some tools are not used in
undergraduate sites (count is 0). Also visible are two local Tsugi tools (LTI Tool Framework -
Severance, 2023), namely “Mec Movies” (Parker & Philpot, 2023) and “Student Notes” (Tsugi -
Student Notes, 2023).

The most used LTI connection is the lecture recording system used by the University, which is called
Opencast. Opencast is a scalable open-source video capture, management, and distribution system
for academic institutions (Opencast, 2023).

Figure 39: Number of Opencast LTI instances in course sites

Figure 39 indicates that close to half of all courses use Lecture recording, and almost a third (330) of
course sites did not decide to use this tool and left it in the setup phase. There are some course sites
(24) that have decided to use lecture recordings but have not made those recordings available to
students. When completing the setup phase, the site is linked to a collection of videos (named a
“series” in Opencast), and the unique identifier (series_id) to the collection is stored in the
configuration of the site tool. The collection of videos (named “events” in Opencast) is associated
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with the series, and the interaction information for users is stored in the database
(oc_user_action, oc_user_session). The structure of which is shown below.

Figure 40: Opencast database structure.

Also included in this list of tools are tools that use the Web Content tool to add links to URLs
(websites). These outside tools store student and lecturer interactions, which are not accessible
without a specific request to each company for each linked tool. As such, it is beyond the scope of
this analysis to obtain.

Figure 41: Number of recordings for Opencast Series

There are 558 series linked to all the 2019 course sites, of which 424 fit into the filtered data set.
There are 28 collections (series) which do not contain any videos (events), leaving 396 series for
which the number of videos (events) was plotted on a histogram above (Figure 41). This reveals that

most sites contain around 34 recordings per series or roughly one recording for each teaching week
of 2019.
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4.1.11 Exporting Event Data

Opencast also tracks the number of recordings a user might view or download. The number of
events is shown per week and grouped per year.

Figure 42: Opencast recording view events by week from 2017-2020

At the end of the analysis phase, after the clustering of the course sites by tools, the student
interaction with the tools in the site will be used for evaluation. Sakai stores user interactions in two
tables, namely SAKAI_SESSION and SAKAI_EVENT. As the names imply, the session table stores the
overall information of a user’s access to Sakai. The user interaction with the course sites and tools is
stored in the events table. On average, the interaction in the LMS system would equate to about
~23.7 million events per year (650K events per day).

The query exported all the events and sessions for the year (2019) grouped by day. This created 366
files (overlapping with 2018-12-31 to contain the session started before the year-end) as 9.83 GB of
compressed CSV files.

Year Events Sessions

2017 236,925,475 19,965,054
2018 245,629,624 21,012,448
2019 236,951,152 23,444,574
2020 327,159,017 25,057,393

Table 36: Sakai total events and sessions per year (2017, 2018, 2019,2020)

Figure 43 takes the event data (summarised per year in the table above) for the years displayed
(2017-2020) and plots it per week. The increases and decreases are indicative of the start and end of
teaching periods, the quarterly structure, and vacation weeks (for more information, see Appendix —
2019 Academic Year).
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Figure 43: Number of user interactions per week for 2017-2020

Figure 44: Number of user interactions per week on the filtered course sites for 2019.
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Figure 44 plots the student interaction per week for the filtered course sites. The chart is split into
two types: first, the events for user presence (accessing the site) and then the other part for all the
interactions with the tools. The events graph gives some scope as to the number of events which will
be later used in the site classification to map the accessed tools and content.

4.1.12 Summary

This section started with a list of all possible courses (5,209) from the Student Information System
(SIS). This does not mean that all the courses have corresponding sites in the LMS, as sites might
have multiple courses linked to them or because that course type might not be offered in that year.

The initial data set, obtained from Sakai - the LMS of UCT, contained details for 2,509 course sites.
During the extraction and validation process described in this section, the course site data set was
filtered according to the following parameters:

I Course site has a valid Faculty, Department, and Academic Career Code.
1. Academic Career Code is “UGRD”, “HONS+UGRD”, “MEDS”
(Undergraduate or Medical Degree).
Il It is an undergraduate course (filtered by the year of course code).
IV.  The course site is not for “MBChB”
(which is a content site for a collection of different course codes).
V. Term is 2019.
VI. Contains more than three students.

Applying the constraints returns 997 course sites that will be used for the analysis phase. Additional
permission data was obtained using a more advanced extraction process (REST API) so that the tool
visibility and external tool linkage information could be added to the data set. The content of the
sites was extracted and investigated to make it possible to cluster the sites based on content
available to students, which included the lessons, resources, and lecture recordings. Lastly, the user
interactions with the LMS were explored to indicate where and how the interactions took place and
to inform on the scope of the data involved.
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4.2 Processing Data
4.2.1 Data Set and Processing Steps

The course site data set (997 observations) contains variables to identify the site (title, unique
identifier), the site details (creation date, modified date, published status), provider details (in
section 4.1.5), tool details (all the tools and tools visible to students), content for each tool, lecture
recording information (series and events), and finally user enrolment information (site participants).

The data set is split into participants (1), tools visible to students (ll), and categories of tools visible to
students (Ill). This will make it easier to distinguish the impact of each part and might give some
insight into the tool choices for each course.

The first part (I) contains the participant information (as discussed previously), which describes the
"Lecturer", “Student", "Tutor", "Support Staff”, “Librarian”, "Observer", and "Reviewer" roles. The
permissions and focus of each can be divided into “Teaching” for “Lecturer”, “Learning” for
“Student”, “Teaching Support” for “Tutor” and “Support Staff”, “Other” for “Librarian”, “Observer”
and “Reviewer”. The permissions for the roles reflect this focus. The “Lecturer” role has full access to
tools and content. The “Student” role is focused on interactions with the content. “Teaching
Support” has limited access to add content but has a larger view of student activity as the role is
designed to support the lecturer in teaching and learning. Lastly, the “Other” roles are restricted to
primarily read-only access.

The next part (1) is the analysis of all the tools in conjunction with the tools visible to students. The
tools selected for the course sites can be categorised into the four main categories identified in the
literature review (part Ill). This is to reduce the number of variables and possibly improve the
clustering results but also to make the results easier to compare to other LMSs.

Each part will be analysed to determine if it does have clustering tendencies, using a statistical
method (Hopkins statistic) and a visual assessment of tendency (VAT). The Hopkins statistic (Lawson
& Jurs, 1990) is used to assess the clustering tendency of a data set by measuring the probability
that a given data set is generated by a uniform data distribution (Kassambara, 2023b). The Hopkins
statistic value ranges between 0 and 1; if the value is close to O - that indicates the data set is
uniformly distributed and lacks cluster structure; else, if the value is close to 1, then that suggests
the data set has a significant cluster structure, and it’s suitable for clustering analysis.

The visual assessment of cluster tendency (VAT) (Bezdek & Hathaway, 2002) is used to visually
examine a data set's clustering tendency or inherent structure. It helps identify whether the data
exhibits a clear pattern of clusters or if it appears more random or uniformly distributed. The image
it produces can be inspected for blocks or patterns indicating clusters within the data set.
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4.2.2 Course Participants

The participant data set contains 997 observations and 7 general roles in 4 groups.

Figure 45: Correlation matrix of course participants

Figure 45 shows two correlation matrix graphs. The first (left) is for the participants combined into
the four categories, which is followed by the correlation matrix of all the roles on the right. There is
generally a positive correlation between all the roles except for the relationship between “Librarian”
and “Support Staff”, which has a weak negative correlation (-0.17). “Student” and “Tutor” have the
largest correlation of 0.62, and this significance is translated into the four categories graph where
“Teaching Support” (a combination of “Tutors” and “Support Staff”) has a moderate positive
correlation of 0.61.

Table 37: Total participants for 7 roles in the course data set (997)

As Table 37 shows, in total, the “Librarian” users are 0.25% of the total participants, compared to the
1.54% of “Support Staff”; this weak negative correlation can be safely ignored. This also shows that
the majority (89.85%) of enrolled users are students (confirmed in Table 38); it is therefore likely
that the clustering on participants will centre around the number of students per course site.

Table 38: Total participants for 4 combined roles in course data set (997)

According to the Hopkins statistic (shown in Table 39), both data sets have a high degree of
clusterability as both values are approaching 1. While there is not much difference in the Hopkins
statistic between the two data sets, the VAT image for the summarised role data set (shown in
Figure 46) does reveal a more distinct cluster structure. Using the summarised role data set reduces
the number of variables and improves comparability with other LMSs with a similar role structure.
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Summarised Roles All Roles

$hopkins_stat $hopkins_stat
[1] ©.96889 [1] ©.97882

Table 39: Hopkins statistics for the participant's data set.

The graph in Figure 46 displays the visualisation of the distances between the site participants. The
colour value indicates the proportion dissimilarity between observations, meaning darker colours if
dist(xi,x5) = @ and white if dist(xi,x5) = 1. Observations belonging to the same cluster are in
consecutive order. Using this graphing method, it’s possible to distinguish a number of large blocks
on the diagonal, which indicates that the data set is highly clusterable.

Figure 46: Visual assessment of cluster tendency (VAT) of summarised roles
4.2.2.1 K-Means

Firstly, deciding the optimal number of clusters to use is vital. This can be calculated by comparing
the different number of clusters (k) and comparing the gap statistics, the total within sum of
squares, and the silhouette method.
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Figure 47: K-means — Determine the optimal number of clusters using (gap, wss, silhouette) for participants

Figure 47 shows the graphs for “Optimal Number of Clusters” using three methods — Gap analysis,
total within sum of squares (WSS), and Silhouette analysis.

The first (leftmost [gap]) is the Gap statistics; this compares the within-cluster dispersion of the
observations to that of a reference random distribution. The gap statistic is plotted against the
number of clusters (k); smaller values (y-axis) suggest that the current number of clusters is not
significantly better than the random distribution, and larger values indicate that the current number
of clusters is substantially better than the random distribution. The ideal graph would go from a low
gap value and a low number of clusters, increase to higher gap values, and decrease as the number
of clusters increases. This graph is almost the opposite of that description as it starts high, drops to a
low gap value with a low number of clusters, drops lower as clusters increase and then increases in
the latter part of the plot. The optimal number of clusters indicated is 1, which means that either K-
means is not the best clustering method, or this measure is non-determinative.

For the total within sum of squares (WSS) plot (in the middle [wss]), the number of clusters is
indicated by the bend or elbow in the line. The WSS value decreases (y-axis), and the number of
clusters increases (x-axis). The WSS decreases to zero as the number of clusters increases. The elbow
(bend) is where additional clusters give diminishing returns and indicate the lowest number of
clusters with a low WSS value. The line indicates that either two or five would be a good choice for
the number of clusters, after which it does level out.

On the right (silhouette) is the silhouette method; this plots the quality and consistency of the
clusters by quantifying how well an observation (o) fits within its assigned cluster comparatively to
another cluster. To calculate this, take (o) and calculate the average dissimilarity to observations
within its own cluster - a measure of cohesion in the cluster, call this (a). Calculate the average
dissimilarity between (o) and all observations in its nearest neighbouring cluster — a measure of
separation to the closest cluster, call this (b). To calculate the silhouette coefficient (s) for the
observation, the difference between (a) and (b) is divided by the greater of the two.

s = (b - a) / max(a, b)

The average silhouette coefficient across all observations measures the cluster quality. If (a) is small,
then cohesion is good (small distance between elements in their own cluster), and if (b) is large, then
there is good separation between the nearby clusters. In the graph, this shows up as a large value,
which indicates that two is the optimal number of clusters; it drops slightly for three to five clusters
and then lowers as the number of clusters increases.
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Figure 48: K-means (k=2) size of participant clusters Figure 49: K-means (k=2) cluster silhouette of participants

Figure 48 presents the number of observations in each cluster when (k=2). The silhouette graph
(Figure 49) suggests that two clusters might not be the right choice. Ideally, the average silhouette
height (indicated by the dashed line) should intersect with all the clusters. The silhouette score
measures how well the data is clustered. A score closer to 1 means the data is perfectly clustered,
while a score of -1 indicates that it doesn't belong to any cluster. A score of 0.0 means the point is on
the edge of two clusters. If the average silhouette score is close to 0, it indicates poor clustering. This
could be due to the data not being clusterable or an incorrect number of clusters (k) was chosen. In
the silhouette graph (Figure 49), the average silhouette score is above 0.5, indicating a reasonably
good clusterability. However, more than half of the second cluster is below 0.0, which most likely
suggests that those observations overlap with the other cluster.

Figure 50: K-means clustering of participants (k=2)

Taking the mean values of the two clusters based on the summarised roles, it’s evident that the first
cluster contains sites with few participants, and the second cluster contains more participants,
mostly comprised of "Students".

Table 40: K-means (k=2) min:mean:max (standard deviation) of participants in summarised roles

Table 40 details the two clusters, broken down into the minimum, mean, maximum and standard
deviation for each summarised role in the participant data set. It indicates that the mean for each
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role is higher in the second cluster, as is the minimum and maximum. This reinforces the findings in
the histogram of students in course sites (Figure 23), which indicated that the majority of sites have
a low number of students (less than 100), which ended up in cluster “1”, and a few sites with a
higher student count, which are represented in cluster ”2”.

Figure 51: K-means (k=2) mean of roles Figure 52: K-means (k=3) mean of roles

Comparing the mean value of each role between k=2 (In Figure 51) and k=3 (In Figure 52), it’s
possible to differentiate the clusters into large, medium and small numbers of participants.
However, this conclusion is not supported by the size of the clusters (Figure 53), which should ideally
be relatively equal, or the silhouette graph (Figure 54).

Figure 53: K-means (k=3) size of participant clusters Figure 54: K-means (k=3) cluster silhouette of participants

Using 2 clusters (i.e., k=2) produce the best result for the participant summarised data set and that
the division is largely based on the number of students in each course site.

4.2.2.2 K-Medoids Clustering — Partitioning Around Medoids (PAM)

In a similar approach as with K-means, the optimal number of clusters can be determined by looking
at the gap statistics, the total within sum of squares, and the silhouette method (Figure 55).

Figure 55: PAM — Determine the optimal number of clusters using (gap, wss, silhouette) for participants
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The elbow method, the middle graph in Figure 55, suggests that either four or eight clusters might
be a good choice, while the gap statistic (left) and silhouette method (right) both suggest two
clusters as optimal.

Figure 56: PAM (k=2) number of participants in clusters Figure 57: PAM (k=2) cluster silhouette of participants

The size of each cluster in Figure 56 reveals the observations more equally distributed than the K-
Means clustering method for the same number of clusters (re-enforces that this algorithm is less
sensitive to noise and outliers). The silhouette plot (Figure 57) still indicates that there might be
many samples wrongly assigned. There are some observations below the 0.0 line. Like the clusters of
K-Means, the PAM clusters also seem to be divided into sites with a low number of participants in
cluster 1 and a high number of participants in the second cluster.

Table 41: PAM (k=2) min:mean:max (standard deviation) of participants in summarised roles

There is a clustering algorithm, Clustering Large Applications (CLARA) (Kaufman & Rousseeuw, 1990),
that is an extension of PAM; it can better handle large data sets and reduces the computing time
needed (Davidson, 2022). The algorithm starts with randomly sampling a subset of the original data
set. This subset is then used to generate the medoids of the clusters, after which the medoids are
used for the entire data set - similar to PAM. Although it has the benefit of running faster than PAM,
it is not suitable for a data set of about a thousand observations. The results were quite close to the
existing PAM results without a significant decrease in computation time; as such, it was excluded
from this study.

4.2.2.3 Hierarchical Clustering (AGNES & DIANA)
4.2.2.3.1 Agglomerative Nesting Hierarchical Clustering (AGNES)

As with other clustering methods, the gap statistic, total within sum of squares (WSS), and silhouette
calculations can help determine the optimal number of clusters.

Figure 58: AGNES — Determine the optimal number of clusters using (gap, wss, silhouette) for participants
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According to the gap statistical analysis in Figure 58 (left), the ideal number of clusters seems to be
two. The WSS method (middle) does not show any apparent elbow bend but suggests that the
number of clusters should be between three and five. However, the silhouette method (right)
suggests that five clusters would be the most suitable choice.

Figure 59: AGNES (k=2) size of participant clusters Figure 60: AGNES (k=2) cluster silhouette of participants

The cluster distribution, in Figure 59, is an improvement from K-means (k=2)(Figure 48) and is very
similar to PAM (k=2)(Figure 56). The silhouette calculation in Figure 60 shows that some
observations could be included in the other cluster. It also has a low silhouette average width similar
to PAM's cluster choice (Figure 57). The full dendrogram is displayed in Figure 61 below.

Figure 61: AGNES (k=2) Dendrogram

The mean of the roles (bar graph — Figure 62) is
also very similar to what was seen in K-means
and PAM, where the clusters are divided into
sites with a large number of participants
(cluster “2”) and a lower number of participants
(cluster “1”). The conclusion that the cluster
distinction is mainly based on the number of
participants (mostly the number of students
enrolled) is supported by Table 42. The table
presents the minimum, mean, maximum, and

standard deviation for each role group.
Figure 62: AGNES (k=2) mean of roles
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Table 42: AGNES (k=2) min:mean:max (standard deviation) of participants in summarised roles

4.2.2.3.2 Divisive Analysis Hierarchical Clustering (DIANA)

After running the divisive algorithm, the dendrogram is analysed using the gap statistics, total within
sum of squares (WSS), and silhouette width comparison methods to determine the optimal number
of clusters for cutting the tree. The results of the calculations (Figure 63) indicate that the gap
statistics recommend a single cluster, the WSS suggests either three or five, and the silhouette
method recommends two.
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Figure 63: DIANA — Determine the optimal number of clusters using (gap, wss, silhouette) for participants

The resulting cluster sizes for k=2 (995:2), k=3 (990:5:2), and k=5 (961:29:5:1:1) indicate that the
DIANA method is not the most optimal for the participant's data set. This is confirmed in the
silhouette plots, which show the large cluster dominating the graph and the other clusters not near
the average silhouette value (Cluster sizes and Silhouette graphs are shown in Appendix —
Participant Data Set - DIANA).

4.2.2.4 Comparing Clustering Algorithms (Introducing clValid)

Selecting the most suitable clustering algorithm from the four popular algorithms is a challenging
task, as is identifying the optimal number of clusters. The clValid R package (Brock et al., 2008) can
assist in this process. This package allows for the simultaneous comparison of multiple clustering
algorithms within a single function call, aiding the identification of the best clustering approach and
the optimal number of clusters (or validation thereof).

In Section 2 of their paper, (Brock et al., 2008) describes the three validation methods (“internal”,
“stability”, and “biological”) that can be used to compare clustering algorithms (page 7). Internal
validation measures evaluate the quality of a clustering result based on intrinsic information in the
data set and the clustering partition. Stability measures are a type of internal measure that assesses
the consistency of a clustering result by comparing it with the clusters obtained after each column is
removed, one at a time. Biological validation evaluates the clustering algorithm to produce
biologically meaningful clusters (Brock et al., 2008); this evaluation method does not fit into the
scope of this study.

The internal validation method has three metrics to evaluate the clustering algorithm on, namely
“Connectivity”, “Dunn”, and “Silhouette”.

Connectivity is the combined score of compactness and separation, as described in (Brock et al.,
2008). Compactness (cluster cohesion) is a measure of how close the observations are within each

Page 64 of 114



cluster. A lower within-cluster variation indicates good compactness, i.e., good clustering
(Kassambara, 2023c). Separation is the measure of how well the clusters are separated from one
another, and this measure includes the distance between cluster centres and the minimum between
observations in different clusters (Kassambara, 2023c). These two measurements are inversely
related — compactness increases with the number of clusters, but separation decreases (Brock et al.,
2008). This value should be as low as possible for the least number of clusters, indicating the optimal
number.

The Dunn index is the ratio of the smallest distance between observations not in the same cluster to
the largest intra-cluster distance (Brock et al., 2008). The Dunn index has a value between zero and
oo and should be maximised for the lowest number of clusters.

The Silhouette width calculation indicates how well an observation is clustered. The value used is the
average width for all observations (Brock et al., 2008). This is similar to the silhouette graphs used in
the previous analysis steps. Silhouette values range from -1 to 1. Closer to 1 indicates good
clustering.

The comparison method (clValid) is run for the selected clustering algorithms K-means, PAM,
Hierarchical (AGNES), and DIANA. The detailed calculations for each measure and method for cluster
sizes from two to ten are tabled below.

Table 43: Participant cluster comparison (Internal) — Table

Figure 64 (on the next page) contains the measures described in the table above; it makes it easier
to visualise the change in values for each clustering method. The connectivity graph at the top
indicates that two clusters for DIANA, AGNES, and K-means is the optimal choice (connectivity
should be as low as possible for the least number of clusters). For the Dunn index (middle), the value
should be maximised for the least number of clusters, in this case, two for K-means, AGNES, and
DIANA. Similarly, the Silhouette width should be close to 1 with the lowest cluster count, which is
two clusters for the same selection. Reviewing the actual values for each of the internal evaluation
methods (in the table below) shows that for two clusters, the values for K-means, AGNES, and DIANA
are identical, which indicates that 2 clusters are likely the optimal choice for any of these methods.
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Figure 64: Participant cluster comparison (Internal) — Graphs

The internal validation method gives an accurate measure of optimal clusters comparable to the gap
statistics, the total within sum of squares, and the silhouette method used in the sections above. The
rest of the analysis phase data sets will first be analysed with the clValid internal validation method
to indicate which clustering algorithms fit the data set the best.

The stability validation measure evaluates the consistency of the clustering results by using the full
data set compared to the same data set with one variable (column) removed (Brock et al., 2008;
Kassambara, 2023c). The measure includes the average proportion of non-overlap (APN), the
average distance (AD), the average distance between means (AD), and the figure of merit (FOM).
The average is taken in all measures based on the full data set and then again with each subsequent
variable (column) removed. All measures should be minimised (Brock et al., 2008).

e The APN measures the average proportion of observations not placed in the same cluster
under both cases (full data set and removal of one variable). Values approaching 0 indicate
highly consistent clustering results.

e The AD measures the average distance between observations in the same cluster under both
cases. This has a value between 0 and == (smaller values are preferred).
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The ADM measures the average distance between cluster centres for observations in the
same cluster under both cases. This has a value between 0 and o= (smaller values are
preferred).

The FOM measures the average intra-cluster variance of the deleted variables (columns),
where the clustering is based on the remaining (undeleted) variables. This has a value
between 0 and oo, with smaller values showing better performance.

Figure 65: Participant cluster comparison (Stability) — Graph
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The following table (Table 44) summarises the selection of the lowest value for each stability
validation measure and the lowest number of clusters identified using the participant data set.
Unfortunately, this suggests that a different clustering method performs better for each measure. As
a result, for the remainder of the analysis, the internal validation method will be utilised as it
provides a more consistent recommendation on algorithm and number of clusters.

Table 44: Participant (clValid) Stability

4.2.2.5 Comparing Clusters to Event Data

While it is not the primary objective of this study, analysing the number of participants in a course
site in relation to the number of events can provide valuable insights into the data selection process
and its validity. Before comparing the clusters identified in the preceding sections, the level of
student interaction in all course sites with the total number of students enrolled in those sites will be
compared.

The number of students positively correlates to the total number of events for course sites (Pearson
= 0.602, Spearman = 0.844). Figure 66 (below) shows the total number of students against the total
number of events. Most sites have a low number of students with a low number of interactions for
those students. The outliers “STA1000S,2019” (904) (1,227 students, 5 lecturers, and 7 tools) and
“BUS1036F,2019” (649) (942 students, 2 lecturers, and 27 tools) have been discussed in the data
extraction section and re-occur here due to the enormous number of events generated by the tools
for the students in the sites.

Figure 66: Students to the total event in course sites
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Figure 67 (below) maps students to the average event per student in a course site. The outlier sites
with a high number of students, “EC01011S 2019 (970) (1,423 students, 16 lecturers, and 23 tools)
and “STA1000S,2019” (904) (see above), have very similar tool structures, with a high percentage of
usage by students. The other atypical site, “STA2007F,2019” (561), has 28 students enrolled and a
very high number of events associated with assessment and content (the site uses resources and
lessons extensively).

Figure 67: Students to the average event per student in course sites

After conducting the clustering analysis, it was recommended to use 2 clusters for the K-means,
AGNES, and DIANA algorithms based on the results of the internal validation method. The resulting
cluster sizes for the three chosen algorithms are reproduced in Figure 68 (below). The DIANA
algorithm's final cluster size of 995:2 (below — right) is not a reasonable result and as such, is
excluded from further analysis.

Figure 68: K-means, AGNES, DIANA cluster sizes for participants (k=2)

Table 45 and Table 46 display the sites closest to the cluster centres for K-means and AGNES,
respectively.

K-means:

Table 45: Cluster min:mean:max (sd) for K-means (k=2) for participants

Page 69 of 114



Hierarchical Clustering (AGNES):

Table 46: Cluster min:mean:max (sd) for AGNES (k=2) for participants

In the results from both algorithms, it is evident that the distinction between the clusters are based
on the number of “Lecturer” and “Student” roles in each site. Cluster 1 contain the sites with a low
number of lecturers and students and Cluster 2 contains more users enrolled as lecturer and
students.

4.2.3 Tools Used in Course Sites

Figure 69: Tools visible to Lecturers and Students in the filtered course sites.
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Examining the number of all the tools (visible to lecturers and students - Figure 69) in the course
sites, the majority of sites still use the default assigned tools - Announcements, Roster, Resources,
Chat, etc. The site information (siteinfo) tool is right at the top as it is a required tool for all course
sites; it’s used to administer all the tools and participants on the site. It is plausible that many
lecturers would include assignments in their sites in conjunction with the grade book. 326 Course
sites did not utilise the feature “Welcome to Lecture Recording” (opencast_setup:LTI) but kept
the tool link, 456 transformed their link into “Lecture Recording” (LTIl), and 211 just removed the
tool. At the bottom of the graph, the tools used less frequently were the more bespoke LTI and web
integrations.

Mapping the student visible tools in a site to the enrolled students, the same pattern emerges. Most
sites have the default communication, assessment, management, and content tools. Note how sites
with close to the mean number of students (or smaller) tend to implement more non-standard tools,
possibly because the tools are new or because the class size allows for a more creative pedagogy.
There are exceptions; “Student Notes” (basiclti_student notes), which is used in the
Department of Mathematics and Applied Mathematics — to store communication between lecturers
(visible at the bottom of Figure 69 and Figure 70).

Figure 70: Number of students to the tool choices grouped by category

Figure 71 represents all the events per tool per category; this shows that the content tool resources
are by far the most used tool, followed by the main assessment tools (samigo, gradebookng,
assignment). Announcements are fifth on the list, followed by the content tool for lecture recording
(opencast_series).
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Figure 71: Number of events per tool grouped by tool category

Table 47: Event, student, and tool details per category

Table 47 shows the tool category, the number of distinct event types followed by the total number
of events generated in that category by students, the total number of unique students that
generated these events and the average number of events per student. Lastly, it depicts the total
number of tools included in that category out of the 32 tools visible to students tracked in the events
table for course sites. It’s evident from the table that the content tools generate the majority of
events for course sites (more than the other categories combined) even though the types of events
tracked are on the lower end of the scale.

In Figure 71 (previous page) the content tool occurs five times in the top 10, indicating a lot of
events generated for the category, but only occurs once in the top 10 tools selected by lecturers
(resources - Figure 69).

Events Students Student Tools

3 : 32,332.352 : 2,707,816 4 : 114.463 : 1,423 3 :12 @ 32

Table 48: min:mean:max for events, students and tools visible to students in course sites

The average course site generates around 32 thousand events, contains about 12 tools, and, on
average, has 114 students enrolled. Figure 72 shows the correlation between the number of tools in
a course site and the enrolled students. For the 997 course sites and the 32 tools visible to students
shown in the graph, the Spearman correlation coefficient indicates a moderately weak positive
relationship (0.209), indicating that there is a modest correlation. The Pearson correlation coefficient
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of 0.207 confirms this relatively weak correlation between the number of students and the number
of tools selected.

Figure 72: Students' correlation to tools

Still, it’s more likely that the tool selection depends on the default set of tools added to the site on
creation or the lecturer's pedagogical approach, available teaching support, system constraints,
and/or time constraints.

Comparing the number of tools available for two main roles, namely "Lecturer" (All Tools) and
"Student" (Tools Visible to Students), produces the following results. The histogram in Figure 73
(below) shows the data sets for both roles. The distribution of the number of tools per course site is
very similar, with minor variations due to restricted access to certain tools such as grading and
assessment tools, course management, and system administrator tools.

Figure 73: Distribution of the tools in course sites (all tools or only visible to students).
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Looking at the Hopkins statistic of the data sets “All Tools” and “Tools Visible to Students”, both
values are close to 1, indicating low spatial randomness and thus a high clusterability.

All Tools Tools Visible to Students
(49 Tools) (42 Tools)
$hopkins_stat $hopkins_stat
[1] ©.94383 [1] ©.94312

Table 49: Hopkins statistics for all tools and tools visible to students’ data set.

This study focuses on students interacting with tools chosen per site rather than tools visible to all
roles. The "All Tools" dataset, while interesting, is not used in the rest of this analysis.

Below are two tables, Table 50 and Table 51, listing the tools available to students. The tables are
categorised and ordered by the number of tools, starting with the lowest 10 and the highest 10. It is
evident that students have limited access to course management (Management) and system
administrator tools (System).

Table 50: Course site sorted by total number of tools visible to students (Total Tools - lowest 10).

Table 51: Course site sorted by total number of tools visible to students (Total Tools - top 10)

The data set “Tools Visible to Students” contains 42 tools. In an effort to reduce the number of
variables (dimensions) needed for cluster analysis and increase the interpretability of the data but
still maintain the variance with minimal information loss (Keita, 2023). A Principal Component
Analysis (PCA), a popular unsupervised learning technique, was applied to this particular dataset.
The results showed a slight reduction in variables from 42 to 32 (a decrease of 23.809%), this did not
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significantly impact the clustering or interpretability of the data. The results are included in Appendix
— Tools Visible to Students - PCA.

4.2.3.1 Tools Visible to Students - Clustering

As explained earlier, the clValid package and the internal measures can assist in selecting the
number of clusters and the clustering algorithm.

Table 52: Tools visible to students’ cluster comparison (Internal) — Table

The clustering algorithms K-means, AGNES, and DIANA produce the lowest connectivity value when
selecting 2 clusters. On the other hand, the best Dunn index value is obtained when these three
algorithms are used with six clusters. Furthermore, the silhouette width measure shows that AGNES
and DIANA performed the best for the two clusters.

The values in the table above are visually plotted in the graph (Figure 74) on the next page - in all the
measures, the K-medoids (PAM) clustering algorithm performed by far the worst. The graphs
highlight the conclusions expressed in the table that the other three clustering algorithms perform
almost the same (at least for these measures). In this case, the K-means algorithm would be the
most suited for this data set as it is far less computationally intensive than the hierarchical clustering
methods (AGNES and DIANA).
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Figure 74: Tools visible to students’ cluster comparison (Internal) — Graphs

The recommended cluster algorithms and sizes were used to produce the following cluster size and
silhouette graphs for all the tools visible to students in the selected course sites. Unfortunately, the

DIANA algorithm produced very poor clustering results (below) and will be excluded from the
analysis in this section.

Figure 75: DIANA (k=2) cluster size for

Figure 76: DIANA (k=3) cluster silhouette for
tools visible to students

tools visible to students
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The AGNES and K-means clustering produces reasonable cluster breakdowns for k=2, but the
silhouette graph indicates misallocated observations in the second cluster.

Figure 77: K-means (k=2) cluster size for Figure 78: K-means (k=3) cluster silhouette for
tools visible to students tools visible to students

Figure 79: AGNES (k=2) cluster size for Figure 80: AGNES (k=3) cluster silhouette for
tools visible to students tools visible to students

Looking at the breakdown of tools based on the category of each algorithm, it seems that there is
not much difference between the two methods.

K-means:

Hierarchical Clustering (AGNES):

Table 53: Cluster min:mean:max (sd) for K-means and AGNES (k=2) for tools visible to students

Table 53: Cluster min:mean:max (sd) for K-means and AGNES (k=2) for tools visible to studentsTable
53 (above) contains a table describing each of the clusters obtained from using K-Means and AGNES
where k=2 and the categories of tools used in each cluster. The column for each category shows the
minimum, mean, and maximum and the standard deviation of the number of tools in each category.
The two clusters in the two clustering algorithms are very similar across all the categories, with the
same minimum and maximum tools and close to similar mean and standard deviation.
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Looking at the tables for the closest observations to the centre of the clusters (Table 54), the K-
means results aren’t as promising; the only categories with differences are communication and
content.

Table 54: K-means (k=2) sites close to the centre of clusters for tools visible to students

Table 55 shows the results for the AGNES clustering algorithm, where the difference between the
two representative sites is more well-defined. Cluster 1 is represented by “Tests STA1000S, 2019”, a
site that was described in the previous section because of its low number of tools and the high
number of students enrolled.

Table 55: AGNES (k=2) sites close to the centre of clusters using tools visible to students

In the next section, these cluster results will be used and compared with the student interactions for
the representative sites for each of the clustering algorithms.

4.2.3.2 Tools Visible to Students - Comparing Clusters to Event Data

Comparing the clusters of tools selected to event data is the main purpose of this study, trying to
determine a specific usage pattern for tool selection that leads to students’ interaction with those
tools.

It’s important to understand the type of events that are recorded for student interactions as this is a
system restriction due to the LMS architecture and development decisions. Each tool creates an
entry for a specific interaction that the software developer decided was a meaningful event for that
tool, this leads to a varying number of events per tool and category. Event information is not
available for external tools, so although there are a number of LTI tools available to students, the
interactions are stored outside of the LMS and are not available in this analysis.

Figure 81 (next page) displays the total number of events observed for students in the 2019 course
sites (Event) and compares it to the number of possible events tracked by Sakai (All). The difference
between tracked and possible events may be due to students' limited access to tool activities (e.g.,
creating vs. reading lesson content).
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Figure 81: Count of event types in event data

Another factor that influences the number of events is the participants (students) in the course sites.
This analysis focuses mostly on student interactions. Further study could examine the influence of
lecturers or teaching support.

A low positive correlation exists between having more tools in a site and having more events
(Pearson =0.3727, Spearman = 0.467). This is not necessarily causation; the increased number of
tools might be related to additional communication tools (causation) or the lecturer deciding that
chunking content is more appropriate for the course (not causation, pedagogical choice).

Figure 82: Number of tools on a site to total events

The four sites with a large number of events (right side) close to the mean number of tools are
“STA2007F,2019” (561 - 28 students; 15 tools), “STA1000S,2019” (904 - 1,227 students; 7 tools),
“STA1000F,2019” (342 — 276 students; 12 tools), and “CHE2005W,2019” (755 — 109 students; 14
tools). The site with the most tools is “Discover Commerce 2019” (820 — 1,107 students; 32 tools).

Page 79 of 114



Returning to the clustering results of K-means (k=2) (Table 54) which had 2 clusters, 540 and 457 in
size (Figure 77). The silhouette graph (Figure 78) shows the average silhouette weight is quite low
and only crosses the first cluster. The sites identified to be closest to the centres have the same tool
configurations for all the sites in Cluster 1 (14 sites) compared to a similarly structured site in Cluster
2. The sites in Cluster 1 have a diverse participant structure (Table 56) and across multiple
departments, but they are all consistent in the number of tools that they contain (Table 57).

Table 56: Course participants for clusters in K-means (k=2) for tools visible to students

Table 57: K-means (k=2) event to tool category comparison for tools visible to students

The student interactions for the tool categories in Cluster 1 reveal a wide range of interaction
patterns. The values for each tool category show the number of tools, the total number of events for
the category, the total average event per student, and the percentage of use of that category by the
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students enrolled in the site. Using the assessment tool value for the site “AHS1033F,2019” (the first
site and first category entry in Table 57) the value can be interpreted as follows:

3 : 577 : 12.02 : 93.75

e 3 Assessment tools (Assignment, Gradebook, Evaluation).
e 577 total events by students.
e 12.02 average events per student that used tools in this category.
e 93.75% of students enrolled in this site used tools in this category
(45 Students enrolled in this site — 42 of which accessed and used tools in this category).

The “Presence” category indicates that a student accessed the site at a point in time, that is why the
number of tools for that category is 0, as it does not relate to a specific tool but just the site itself.
Ideally, the usage percentage for all sites would be 100%, but as the data shows, this is not always
the case. The sites that show less than 100% usage are:

e “RDL1007F, 2019” (90.91%) : 1st-year Private Law course site taught in the 1% Semester with
low interactions (total) across all tool categories and sparse content with 22 students
enrolled.

e “SLL1042F,2019” (95%): 1°t year Afrikaans Intensive course site taught in the 1% Semester
with 13 students enrolled, a reasonable amount of content and interaction in all tool
categories.

e “SLL1048H,2019” (94.57%): 1*' year special course site for Afrikaans for Health and
Rehabilitation Sciences. It is a half-course taught over a full year with 82 students enrolled.
The site contains content in all the tool categories and a high number of interactions.

e “SLL3002H,2019” (68.7%): a 3rd-year course called “Becoming a Doctor (languages) Part IB”.
There are 230 students enrolled, and the structure and content of the site seem to be
centred around scheduling and communicating tutorials to the students facilitated by the
School of Languages & Literature for the Faculty of Health Sciences. This might show why the
interactions are so low, as students can share the announcements, and it’s not necessary to
access the site.

The “Content” category for the sites (“Greek IB 2019”, “RDL1007F,2019”, "SLL2131F,2019”, and
“SLL3002H,2019”) that don’t have any student interaction (2:0:0:0) contains the overview and
resources tool. The overview tool is the landing page for all sites and may contain information
about recent announcements, messages, discussion posts, and calendar events. The resources tool
allows lecturers to share files with students and is part of the default tools selected on the creation
of a course site; in these individual sites, there are no files or folders available to students, which
explains why there are no events stored.

Cluster 2 does contain more tools (13) than Cluster 1 (8), but in terms of overall interactions, there
does not seem to be a clear pattern. In both clusters, all the sites show a high usage percentage in
these categories, indicating that most students are utilising the available tools to interact with these
categories. Based on research by Le et al. (2022), Mwalumbwe & Mtebe (2017), and Zhang et al.
(2020), higher interactions in important categories such as Assessment, Communication, and
Content suggest a positive academic outcome.
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The AGNES (k=2) (Table 55) algorithm clustered the data set around 2 clusters, 443 and 554 in size
(Figure 79). The representative site for the two clusters differ significantly in the number of students
enrolled and the number of tools available on each site.

Table 58: Course participants for clusters in AGNES (k=2) for tools visible to students

Table 59: AGNES (k=2) event to tool category comparison for tools visible to students

For “PBL4505,2019”, the students used all the tools except for communication, which is lower at
94.74%. The usage of the sites also varies greatly. “Tests STA1000S,2019” is used to administer
assessments using the “Tests & Quizzes” tool, with the communication tool “Announcements” used
to inform students of exam times, signup events, and tutorials. The management tool is added to
allow students to sign up for course, practical, and project times. The “Overview” tool, which is
categorised as a content tool, shows the welcome message to the site. The site has 129,232 events
in its 20-week duration (tracked from first student interaction to last student interaction). It has a
lower average event per student (105.41) than “PBL4505,2019”, which has a rate of 211.95 but a
much lower total event count of 4027 over its 26 active weeks. For all tool categories, the more
populous site “STA” has a lower average event count except, of course, for its main purpose, the
assessments (36.55 to 6.21). The representative sites had a high percentage of use across categories,
but there was no indicative pattern observed between clusters.

4.2.3.3 Categories of Tools Visible to Students — Clustering

Using the individual tools for analysis would work for this instance of Sakai. However, as each can be
configured with different contribution tools (Sakai Contribution Tools) or various LTl added, it’s more
appropriate to use the categories of tools. This makes the research comparable to a wider range of
LMSs.

Table 60: Categories of tools visible to students’ cluster comparison (Internal) — optimal

The clValid recommendation for the categorised tools visible to the student data set recommends
the hierarchical clustering (AGNES) in all of the internal validation methods. The number of the
clusters differs a little, but viewing the Dunn index graph (Figure 83) gives a slightly clearer picture of
the recommendation as the hierarchical clustering (AGNES) starts with a high Dunn index at 2
clusters, drops down at 3 and then increases to 10, which at that point is a larger value than for 2
clusters. Plotting this further also shows that increasing the clusters increases the Dunn index, but as
the highest value with the lowest number of clusters is preferable, 2 clusters seem to be the best.
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Figure 83: Categories of tools visible to students’ cluster comparison (Internal) — Graphs

Plotting the gap statistics, total within sum of squares (WSS), and silhouette calculation for
hierarchical clustering (AGNES) on the category of tools visible to students’ data shows a small bend
in the WSS graph around the 2-cluster point. The silhouette graph also shows 2 as the optimal
number of clusters. Both reinforce the results from the clValid internal measurement.

Figure 84: AGNES — Determine the optimal number of clusters using (gap, wss, silhouette) for
categorised tools visible to students.

This is borne out by the results from the cluster size graph (Figure 85) and silhouette plot (Figure 86),
which give the best result seen so far. The average silhouette width crosses both clusters; the
average silhouette score of 0.254 indicates that the clusters are moderately well-separated, and
most data points have a moderate degree of conformity to their assigned clusters.
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Figure 85: AGNES (k=2) cluster size for Figure 86: AGNES (k=3) cluster silhouette for
categorised tools visible to students categorised tools visible to students

The dendrogram for the hierarchical clustering (AGNES) shows a very nice distinction between the
two clusters.

Figure 87: AGNES (k=2) dendrogram for categorised tools visible to students

Table 61: AGNES (k=2) event to tool for categories of tools visible to students

Table 62: AGNES (k=2) sites in the centre of cluster for categorised tools visible to students

Cluster 1 has almost the same mean number of tools in each category as Cluster 2, but the minimum
is 0, meaning that some sites in that cluster do not have a tool in one of the categories. Looking at
the maximum number of tools on the site, Cluster 2 has a higher maximum in all the categories but
more so in Communication. Overall, Cluster 2 contains more tools in each category than Cluster 1.
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4.2.3.4 Categories of Tools Visible to Students - Comparing Clusters to Event Data

The observations in the middle of the clusters are “Accompanying 2,2019” for Cluster 1 (low number
of tools, and possibly missing in some categories) and “DOH1002F,2019” for Cluster 2 (more tools in
each category). Table 63 details the participant data for the two sites, the site with fewer students
corresponds to the site with fewer tools available to those students.

Table 63: Course participants for clusters in AGNES (k=2) for categorised tools visible to students

The tools in the site for “Accompanying 2,2019” are the default selected ones and, on review of the
content, seem to be mainly focused on announcements (13 announcements) for the students. The
assignment tool exists but is unused, as are almost all the other tools except resources, which
contain a single file (a music piece). The course ran for 43 weeks and only had 121 interactions from
students, although the four students in the site did “access” all the teaching and learning tools
(100% in Assessment, Communication, and Content)

Table 64: AGNES (k=2) event to tool category comparison for categorised tools visible to students

The course site for “DOH1002F,2019” has 206 students who access almost all the tools in the course
(Assessment: 95.22%, Communication: 100%, Content: 99.52%, Management: 84.21%, Presence:
100%). In the 48 weeks that students accessed the site, they generated 60,330 events, 292.86 events
per student, or 6.1 meaningful events per student per week. The tools available to the student
include Lecture Recording, a few links to outside websites, the blog tool, and a large collection of
files in the resources tool.

Based on usage data, it appears that Cluster 1 is primarily used as a communication channel rather
than for blended learning. In contrast, Cluster 2 is a more comprehensive blended learning course
site that takes full advantage of available teaching and learning tools.

4.2.4 Summary

In summary, the participants of course sites, the tools visible to students, and the categorised tools
visible to students' data sets were clustered using various unsupervised learning algorithms
discussed in the methodology chapter. The data sets were also evaluated using the internal
validation measurements (“Connectivity”, “Dunn”, and “Silhouette”) defined in the clValid package
in R (Brock et al., 2008). This helped to identify the optimal number of clusters and the most
appropriate clustering algorithm, which was then verified using the gap statistics, total within sum of
squares (WSS) and silhouette methods for the chosen clustering algorithm.

The result and importance of the clustering results will be discussed in the next chapter.
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5 Discussion

5.1 Introduction

In the previous section, the course site data was analysed in terms of participants, the tools visible to
students and the categories for those tools. The initial exploration of each dataset involved the
statistical (Hopkins statistics) and visual analysis (VAT) of the clustering tendencies of each data set.
This was followed by the four popular unsupervised learning clustering algorithms to determine the
representative course sites for the clusters. The aim was to see if certain tool usage patterns could
be found which indicated the pedagogical use of the course sites, with the intention to see if sites
focused on assessments, communication and collaboration, or content delivery (page, outside
content, or downloadable resources).

5.2 Enrolled Students and Events

The participant data set contains the number of users in particular roles enrolled in the course sites
(997). The roles are specific to UCT’s implementation of Sakai; although there might be similarly
named roles, their respective permissions and access might differ. As such, the comparison was
done on a combined participant data set, which consist of “Lecturer”, “Student”, Teaching Support”,
and “Other” roles. The Hopkins statistic (0.96889) for this combined data set indicated a high degree
of clusterability. The correlation graph showed a slight positive correlation between all the roles and
an especially high correlation between “Student” and “Teaching Support” (0.61). This indicates that
having more students in a site would necessitate more teaching support; from the full role
correlation matrix, this means more tutors in UCT’s context. The clusterability of the combined
participant data set is confirmed visually with the VAT diagram.

The gap statistics, the total within sum of squares, and the silhouette method were run on the
participant data set for each of the four popular clustering algorithms. The clValid internal validation
method was used to compare the clustering algorithms and confirm the optimal cluster size choice
obtained from the other assessment methods. This resulted in the K-means and AGNES clustering
algorithms, with cluster size k=2 giving the best results for the participant data set. In both cases, the
clusters appear to be subdivided mostly on the number of enrolled users in the course sites,
predominantly based on the number of students.

The number of students in a course site directly impacts the number of events generated. The
Spearman correlation coefficient of 0.844 indicates a strong positive monotonic relationship
between enrolled students and the total number of events. This means that as the number of
students increases, the number of events also increases, although not necessarily at a constant rate.
The Pearson correlation coefficient of 0.602 indicates a moderate positive linear relationship
between the two variables (Events to Students). Pearson assumes a linear relationship, meaning that
as the number of students increases, the number of events generated also increases proportionally.
Therefore, the increase in the number of students enrolled in a course site increases the chances of
generating more events on that site.

5.3  Tools Used in Course Sites

There are 50 tools available to lecturers to include in their course sites, of which 42 are generally
made visible to students (internal and LTl), and 32 are active in the events table (internal). The tools
used in all the sites were compared to those visible to students, showing that most sites chose the
default set of tools. This could indicate that the set of default tools selected matches the
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requirements for teaching and learning. Almost half of the sites (456) used lecture recording, thus
adding video content to their sites. The tool choices also indicate a long tail of tools (21) used by
fewer than 20 sites (2.006%), which begs the question of the support cost for these tools. It became
clear that the top tools used in large sites are also the most commonly chosen tools for all sites, after
mapping the number of students to the selected tools. It was also observed that sites with fewer
students tend to use more non-standard tools. This may suggest that with fewer students, lecturers
have the opportunity to interact more and explore different tools to enhance the learning
experience.

The correlation between the number of tools added to a course site and the number of students
enrolled is relatively weak, as indicated by the Pearson (0.20665) and Spearman (0.20923)
coefficients. This suggests that the number of students in a course does not significantly impact the
selection of tools in the site. It is more likely that the default set of tools added during site creation,
the pedagogical approach of the instructor, the available teaching support, system constraints,
and/or time constraints are the factors that determine the selection of tools in a course site.

The Hopkins statistic indicates high clusterability in the data set “tools visible to students” (0.94312)
and all tools. The data set chosen to run the clValid internal validation method was for the tools
visible to students, as the event data used to compare the tool selection only contains the
interactions with students.

Based on clValid’s internal validation method, K-means, AGNES, and DIANA were recommended for
clustering with 2 clusters. However, the resulting cluster sizes and silhouette graphs indicated that
DIANA did not produce reasonably sized clusters. K-means produced a long list of course sites
sharing the closest distance to the cluster's centre. The participants for the first cluster (14-course
sites) turned out to be a diverse distribution of a number of students and lecturers with the same
tool choices - 3 in Assessment, 2 in Communication, 2 in Content and 1 in Management. The event
analysis showed that the students accessed most of the tools in each category (with the exception of
“Content” as described in 4.2.3.2 - Tools Visible to Students - Comparing Clusters to Event Data). This
diverse usage of tools in the site might indicate that the teaching and learning approach for the
subject matter might have more impact on the interactions than just the choice of tools.

The selection of AGNES with 2 clusters showed that the clusters are primarily subdivided into sites
with a low number of tools and sites with a high number of tools in the varying categories. The event
comparison showed that for each representative site in the cluster, a very high percentage of
students used all the tools available to them. Cluster 1 was represented by “PBL4505S,2019”, which
has only 19 students enrolled and a total event count of 4,027 (average number of events per user
of 211.95). The site contains 12 tools focused on the content and communication categories. Cluster
2 is represented by “Tests STA1000S,2019”, which has 1226 students enrolled - 129,232 total events
at 105.41 average events per student. This site only contains 4 tools visible to students focused on
communication and assessment. In the case of this site, the site with fewer tools had a higher
student count and, thus, more events.

Taking the existing list of tools and combining them into categories makes it easier to do cross LMS
comparisons. This data set is called “categorised tools visible to students”, and the clustering
method recommended for this data set is hierarchical clustering (AGNES) with a cluster size of 2,
which was supported by the cluster size and silhouette graphs. The corresponding representative
sites confirmed previous results where students accessed almost all the tools in the sites. The
example sites in this cluster followed the correlation that more tools resulted in more interactions
(Figure 82).
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5.4 Student Interactions

The representative sites chosen for the clusters in the “Tools Visible to Students” and the
categorised version of that data showed that a high percentage of enrolled students accessed all the
tools in a category. The variation in the number of events per category and total percentage of use
across all the representative sites indicate that the tool selection might not be as important as the
teaching approach in determining student interaction (surmised as there is no data on the teaching
approach).

Figure 88: Average percentage of active students and events per student (min:median:mean:max)

Figure 88 illustrates the percentage of students who accessed tools on a course site and the average
number of events for those students. This shows that around 90% of students access a course site,
creating around 75 interactions on average. This reinforces the findings from the representative
sites, which (Table 59, Table 61, and Table 66) generally indicate that most students access the site
and interact with most of the tools on the site.

This corresponds nicely with the findings in the literature review, which indicate that interactions
with the LMS have a positive impact on student performance (Le et al., 2022; Mwalumbwe & Mtebe,
2017). This ties into the findings from (Zhang et al., 2020), where they found that interaction with
the course site, particularly opening files (accessing content tools), positively correlates with a higher
grade. This was also confirmed by (Fisher & Parker, 2016), where in their analysis, half the courses
showed a significant positive relationship between online learning resource utilisation frequency
(i.e., course site visits and online learning resource downloads) to achieved course grade.
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6 Conclusion

6.1 Overview

This research paper aims to examine the tools utilized in blended and online courses at the
University of Cape Town. It evaluates the students’ interactions in the undergraduate course sites
for the year 2019 and compares the tools used to the categories of tools identified in the literature
review.

To this aim, the six chapters in this study cover the Learning Management System (LMS) and its
current role in higher education and the general marketplace. The tools available to users of an LMS
are explored and categorised. Four popular unsupervised learning algorithms (K-means, PAM,
AGNES, DIANA) are introduced and discussed in order to cluster the structure of the course sites and
compare the tool selection to student interactions. The data sets obtained were clustered using the
methods discussed, and the resulting tool selection and event data of the representative sites were
evaluated.

6.2  Research Objectives

Literature Review

1. Examine the Learning Management System (LMS) marketplace.

The Learning Management System (LMS) marketplace was examined, and the current
market leaders in the software architectural groups (commercial or non-commercial, with
closed, open, or partially open) were identified. The features and tools available to the
various systems were explored; this led to identifying categories of tools available across all
LMSs and used in the analysis phase of the tools visible to students.

2. Investigate the importance of LMSs in higher education.

The literature review also indicated that an LMS is of the highest importance for higher
education institutions and has positively impacted the traditional teaching-learning process.
LMSs are widely used in higher education institutions globally and are considered one of the
most important instructional technologies for academic success. They also have a
transformative effect on traditional teaching and learning, facilitate flexible classroom
management, and provide the faculty with a flexible way of teaching and grading students'
assessments.

3. Research the impact of student interactions with tools on learning outcome results.

Furthermore, the interactions with the LMS indicated that for certain cases pertaining to a
specific category of tools, the more a student engages with the tools in the LMS, the higher
the academic outcome is. There are some limitations of LMSs that centre around the
architectural design of the software, the interaction with students and the tool support for
higher-order thinking, or lack thereof. The scope of previous studies was limited to either a
set of closely related courses or introducing a new tool and its impact on student behaviour
and performance. This study expanded that scope to encompass more course sites.
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Data and Analysis

4.

Collect data from Sakai (LMS) pertaining to course structure and student interactions.

The data set selected for this study pertains to 2019 undergraduate course sites. The
selection of the data was influenced by the #FeesMustFall and COVID-19 nationwide
lockdown, which changed the student’s interaction with the LMS. The site structure for the
course sites was initially extracted directly from the Sakai database, and later, the REST API
was used to obtain the tool configurations and access based on the student role
permissions. The site data was analysed to extract the blended and online undergraduate
courses and remove duplicates. The event data for the constrained data set was extracted
from the Sakai event and session tables.

Analyse the course structure and classify.

The initial set of enrolled users in the course sites was used to evaluate and compare the
chosen unsupervised learning algorithms. This helped in understanding the relationship
between students, tools, and events. The analysis revealed that having more enrolled
students might result in more events, but it is not necessarily a linear correlation. The
correlation still depends on the tool choices. The algorithms successfully created reasonable
clusters, in this case 2, based on the number of enrolled users, primarily the number of
students.

Although the number of available tools is similar across all categories, the category of course
development and delivery generated more events than all other categories combined. This is
despite having one of the lowest numbers of event types for students. These findings
suggest that the LMS is used as a knowledge repository in which lecturers scaffold content
delivery for most sites. Some representative sites in the analysis are exceptions, as they are
only used for communication or assessment.

The analysis of the tools visible to students generally also produced 2 clusters, defined by
the total number of tools. This indicates that the clustering used in this study is likely not the
best approach to analyse the structure of course sites, or the data set, although highly
clusterable, needed more exploration. The comparison of the representative tools in the
clusters highlighted the correlation that more students in the site generally led to a higher
number of events, and in some cases, that could be translated to a higher number of tools
leading to more student interactions for particular categories of tools. The result for K-
means clustering, 2 clusters, showed that the event interaction is more complex than the
tool choices for the site and depends on the pedagogical approach of the particular course
and the interaction of the lecturer and teaching support. This highlights the gap between the
tools available and what the lecturer might want to achieve on the site.

After analysing the categories of tools available to students, a hierarchical clustering
algorithm (AGNES) was applied, which resulted in two clusters. The clusters were defined
based on the total number of tools in each category. Cluster 1 had a low total tool count,
while Cluster 2 had a higher total tool count. As with the previous findings, more tools and
students resulted in more events per category.
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6. Compare student activity based on the classification of the course structure.

Finally, when reviewing the usage percentage of the tools in each category, it was found that
most students did utilise the LMS and access a high percentage of tools in each category. In
the scope of the events generated by the tools and analysed for these course sites, the
conclusion is that a good number of students would successfully achieve a passing grade for
their enrolled courses.

It should be noted that the analysis conducted had certain limitations regarding the events
tracked by the system. Additionally, it assumes a one-sided perspective, as it only considers
the interactions between the students and the online learning system.

6.3 Future Work

Clustering course sites on participants, "the tools visible to students", and "categorised tools visible
to students" could have yielded better clusters using different clustering algorithms. Most clusters
were distinguished by the number of tools included in the site, and most sites used the default
selected tool set. This could be because the default selected tools, customised in Vula for UCT, met
all the lecturers' requirements.

The unsupervised clustering algorithms might not be best suited to cluster the site structure, and
further investigation into clustering sites into functional groups might inform a better approach.

The influence of pedagogical teaching strategies would also have an influence on tool choices, so a
further avenue of investigation would be the discussion with lecturers (for specific courses) to
determine their approaches and the tools that support their teaching model.

It might also be interesting to approach the site structure from the student interaction perspective.
It is possible to determine the preferred tool interactions by observing how students approach the
learning process. This can help identify which tools support teaching and learning. This could also be
applied to the interactions for other roles like "Lecturer"”, "Support Staff", and "Tutor".

It would also be interesting to investigate the tool choices between undergraduate and post-
graduate course sites and the difference in learning approaches that this provides to lecturers.

Finally, the information on participants and the relationship between tool selection (site structure)
and student interactions did indicate that there is an influential relationship between them, and the
additional information may inform further studies on practical tool usage and improvements in
LMSs.
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Appendix

Appendix — Sakai Tools

The Sakai LMS uses quite a variety of tools; due to how long it’s been around, the open-source
nature allows for the creation of additional tools and the extensive collaboration and integration
capabilities of the system. This appendix describes the categorisation of these tools around the
event IDs to increase the reproducibility of the research to other LMS’s and to ease the discussion of
the classifications of tools in this study.

Categorising the tools used in the LMS has been done in other studies; for instance, in (Caminero &
Hernandez, 2013) they group the tools in the LMS by video-conferencing, forums or email,
evaluation tools such as questionnaires, or grading tools. In (Kerr, 2011) the main categories are
content, communication, and management tools. In their study gets elaborated upon during each
use-case as shown in the tables below:

Content Tools Communication Tools
Online Text Blog

Supplemental websites Discussion Board
Video clips Elluminate Live

Audio Clips

Table 65: Tools Used at Crestview Online (Table 1 - Kerr, 2011)

Communication Content Management system
Elluminate Live Textbook Project Foundry
Instant Messenger Websites

E-mail Community Expert

Table 66: Tools Used at Morris Online Academy (Table 2 - Kerr, 2011)

Communication Content Management system
Discussion Board Reading Packet Events Calendar
E-Mail Online Text Checklist

Online Pager Supplemental Websites Desire2Learn

Table 67: Tools Used in MRVC History Course (Table 3 - Kerr, 2011)

In the one section (Kerr, 2011) breaks down the tools as courseware designing tools that enable
instructors to hide or make certain course features available, synchronous communication (e.g.,
video, audio, chat rooms, whiteboard), asynchronous communication (threaded discussion board),
assessment (e.g., quiz, test, or surveys), course management (calendars, student statistics, grade
books), student authoring, and scaffolding tools (advance organisers and annotations).

The next section goes through most of the tools currently available in Sakai and defined on their
feature website (Sakai Features, 2023), adds the id used in the analysis and description where
missing.
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Communications and Collaboration

Tool

ID

Description

Announcements

Calendar

Chat
Commons

Contact Us

Email

Email archive

Forums

Messages

Sign-Up

Wiki

announcement

calendar

chat
commons

contact

mailbox

mailarchive

forums

messages

signup

rwiki

Grading and Assessment

Tool

ID

Post current, time-critical information for your site and schedule
notices to display at specific times throughout the term.

Schedule and maintain deadlines, activities and events related to a
course or project, link to announcements, assignments,
assessments, materials, etc.

Engage in real-time, text-based conversations with course or
project participants.

Interact with site participants in a Facebook-inspired,
asynchronous social messaging tool.

Quickly and easily direct questions and feedback to the correct
source. With one click, the Contact Us tool can send an email to an
institution’s helpdesk, with all relevant info automatically
included.

Send mail to participants in your site using the institution’s official
email system.

Create a mailing list for your course or worksite, allowing for
many-to-many broadcasting; access and search an archive of
emails sent to this address.

Create, moderate and manage discussion topics and groups within
a course and send private messages to participants; options to
grade discussions, set word count, permissions, etc.

Send, receive and reply to messages among site participants using
Sakai’s internal email messaging.

Create and manage electronic sign-up sheets for events or
activities such as office hours, presentation slots, research topics,
review sessions, etc.

Create, share and edit web content collaboratively.

Description

Assignments

Gradebook

Post’em

Rubrics

Tests & Quizzes

Questions and Answers

assignment

gradebookng

postem

rubrics

samigo

gna

Create and grade online or offline assignments with a variety of
options and settings, including honour pledge, peer review, and
group submissions. Document preview lets instructors view and
provide feedback in the browser without downloading student
submissions.

Calculate, store, and distribute grade information to students. It
uses a spreadsheet-style interface and is designed to provide
faster, easier grade-entry capabilities.

Post, store, and distribute scores or non-numeric feedback and
comments to students.

Create, manage, and share grading rubrics that work within
Sakai’s Assighments, Forums, Gradebook, and Tests & Quizzes
tools to provide rich feedback and automatically tabulated
scoring.

Create and manage online assessments using a robust testing
engine which includes a variety of question types, question pools,
statistics, security options for high stakes testing, delivery time
and date exceptions, and more.

This tool allows members of a site to interact with each other by
privately or publicly asking questions and receiving answers.
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Course Development and Delivery

Tool ID Description

Cloud storage - OneDrive and Google Drive are available in the Sakai file picker
integrations wherever a user attaches files.

Drop box tool dropbox Share files privately with course, project, or site participants.

External tool

Lessons

News

Overview

Podcasts

Resources

Search
Syllabus

Web content

basiclti_unconfigured

lessonbuildertool

simple.rss

overview

podcasts

resources

search
syllabus

web

Powerful System Administration

Course Management

Configure and launch external tools using IMS Learning Tools
Interoperability.

Create and organise text, resources, quizzes, tests, assignments,
links, videos, and other media into lessons or units. Lessons can be
configured for conditional release of content, student-authored
pages, group collaboration, and much more.

Display custom news content from dynamic online sources via
RSS.

View the site description and recent announcements, messages,
discussion posts, and calendar events on the Overview landing
page.

Manage individual podcasts and podcast feed information for your
site.

Post, store, and organise material related to the course or project
site. Drag and drop and WebDAYV functionality make bulk file
uploads quick and easy.

Search content in a site using Sakai’s Elasticsearch powered search
tool.

Post a summary outline of course requirements.

Display external web pages as part of the site menu.

Tool ID Description

Polls poll Easily create quick polls to collect and distribute data from site
participants.

Roster roster View a list of course or project participants along with their
pictures and profiles.

Section Info sections Manage multiple sections and assign teaching assistants to
specific sections within a course.

Site Info groupmanager View and update information about the site, including site
settings, tools, membership, groups, content imports, and more.

Statistics sitestats Use summary and custom reports to display site statistics
regarding user visits, tool use, and course activity.

User Tools

Tool ID Description

Account View and update user account details.

Help help Access context-sensitive help articles throughout the system.

Membership site.membership View and search for your enrolled sites or self-enrol in a joinable

New Account
Preferences

Profile

Reset Password
Worksite Setup

admin_user
prefs

profile

user
siteinfo

site.

Create a new user account in the system.

Set your individual preferences for notifications, time zone,
language, active sites, and rich text editor mode.

Create a personal profile and connect with other users in the
system. Users can even record their name pronunciation as part of
their profiles.

Reset your Sakai password using the self-service reset option.
View information about your sites, and (for users with appropriate
permissions) create new sites and make changes to site settings.
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System Administrator Tools

Tool ID Description

Admin Site Permissions | - Quickly and easily add or remove permissions across all sites for
specified roles.

Aliases useralias View, create, and edit alias strings for target items such as site
email list addresses, friendly site URLs, etc.

Become User su Log in as another user to perform troubleshooting or diagnose
issues without needing to know their password.

Delegated Access - Distribute admin functions or course access for specific users by
departments or organisational units.

Email Templates - Create customised email notifications for users in your local Sakai
instance to replace default system messages.

External Tools basiclti, Configure LTI Apps at the system level for use in all sites or just

Job Scheduler

Memory
Message Bundle
Manager

MOTD or
Announcements
Online

PA System

Realms

Site Archive
Sites

Sitestats Admin

Tags Service

User Membership

Users

basiclti_unconfigured
schedule

realm

site

sitestats

user

Community Contributed Tools

specific courses as needed.

Create simple or complex schedules for executing Quartz jobs,
from the smallest stand-alone application to the largest e-
commerce system.

View system cache sizes in order to better optimise performance.
Locate and modify system message properties, which define the
user interface text for Sakai components in all supported
languages.

Post system-wide announcements using the “Message of the Day”
Announcement tool.

View information on currently running servers and sessions, as
well as user IP address and browser information.

Deliver customisable system-wide or targeted alerts to Sakai users
as either popup alerts or text banners, colour-coded by alert
priority.

View and customise roles and permissions for sites and site
templates.

Back up sites or import existing backups individually or in bulk.
Create, modify, delete, and search for course, project, and user
sites.

Display server-wide reports and save custom reports, which are
available for instructors within all sites in the Statistics tool.
Create and maintain tag collections either manually or by
importing collections. Tags can be used in question pools and
other areas of Sakai for search purposes.

Locate, view, and modify site and group membership information
for Sakai users in the system.

Create, search, view, and update Sakai user account information.

The community Contributed tools are supported by various universities and are available in their
own GitHub profile “sakaicontrib” (Apereo, 2023a).

Tool ID Description

Attendance attendance Take attendance online, print sign-in sheets, and assign
attendance grades.

Blogwow blogwow Post blog entries which can either be viewed by the rest of the site

Certification

members or kept private by the author. (Alternative to the Clog
tool.)

Award printable certificates to site participants based on
successful demonstration of specific criteria.
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Clog

Evaluation System

Mneme

evaluation

mneme

External App Integrations

Tool

ID

Post blog entries which can either be viewed by the rest of the site

members or kept private by the author. (Alternative to the
BlogWow tool.)

Create and deliver formative and summative (end-of-term)
evaluations and surveys of Sakai course sites individually,
hierarchically, or system-wide.

Create and deliver tests and surveys in Sakai. (Alternative to the
Tests & Quizzes core tool.)

Description

BigBlueButton

Cengage

Digication

Examity

Explorance Blue

Gradescope

Hypothesis

iClicker

iRubric

Kaltura

Karuta

Mcgraw-Hill
(mhcampus)

Office 365
Opencast

OnTask

Panopto

Perusall

web_bigbluebutton

web_cengage_owl

web_examity

Iti_explorance_blue

gradescope

web_hypothesis

Iti_karuta

web_-

mcgraw_hill_connect

opencast_series

web_ontask

BigBlueButton is a purpose-built virtual classroom that
empowers teachers to teach and learners to learn.
Developed by teaching chemists, OWLv2 is the online
homework platform that helps students learn and master
concepts, offering just-in-time support, study resources and
eTextbook access.

Digication's learning platform is an integrative teaching,
learning, and assessment software for students to showcase
and share their learning.

Examity is the leading live proctoring expert.

Explorance Blue is a mobile-friendly software that evaluates
learning with formative and summative assessments. Increased
accessibility and participation

Gradescope helps you seamlessly administer and grade all of
your assessments, whether online or in-class.

Hypothesis is an easy-to-use pedagogical tool that enables
students and teachers to have conversations in the margins of
digital texts.

iClicker is the market leader in student and audience response
systems for Higher Education, recognised for ease of use,
reliability, and focus on pedagogy.

iRubric is a comprehensive rubric development, assessment,
and sharing tool. Designed from the ground up, iRubric supports
a variety of applications in an easy-to-use package.

Kaltura is driving communication, learning, and TV experiences
for millions of users daily. Visit to learn more.

Karuta is a flexible tool for incremental prototyping and
diffusion on the web of digital portfolios or ePortfolios for
various purposes: showcase portfolio, learning portfolio, and
assessment portfolio.

McGraw-Hill Campus is a groundbreaking service that puts
world-class digital learning resources just a click away for your
faculty and students.

Microsoft 365 is our cloud-powered productivity platform.
Opencast is a flexible, reliable, and scalable open-source video
management system for academic institutions, built by a
community of developers from leading universities and
organisations worldwide.

The OnTask Project aims to improve the academic experience
of students through the delivery of timely, personalised,

and actionable student feedback throughout their participation
in a course.

Panopto is the leading video platform for businesses and
universities.

With Perusall, an online social annotation platform, you can
increase student engagement, collaboration, and community
within your course.
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Tsugi App Store opencast_setup,
basiclti_mecmovies,
basiclti_studentnotes

Turnitin -
Webassign web_webassign
Zoom web_zoom

Appendix — LMS Emotional Footprint

Tsugi Cloud. An App Store for Education The tools hosted on
this site can be seamlessly integrated into any Learning
Management System that supports IMS LTI.

Turnitin solutions promote academic integrity, streamline
grading and feedback, deter plagiarism, and improve student
outcomes.

WebAssign is the leading provider of powerful online
instructional tools for faculty and students. In brief, instructors
create assignments online within WebAssign and electronically
transmit them to their class. Students enter their answers
online, and WebAssign automatically grades the assignment
and gives students instant feedback on their performance.
Modernise workflows with Zoom's trusted collaboration tools.

Figure 89: Software Reviews - Emotional Footprint for Education Learning Management System
(SoftwareReviews, 2020)
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Appendix — LMS Category Overview

Figure 90: SoftwareReviews - LMS Category overview of product performance (Complete)
(Best Education Learning Management (ELMS) Systems 2023, 2023)
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Appendix — Vendor Capability Summary

Figure 91: SoftwareReviews - LMS Category overview of Vendor Capabilities
(Best Education Learning Management (ELMS) Systems 2023, 2023)
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Appendix — 2019 Academic Year

Source: https://www.studentroom.co.za/uct-term-dates-2018-2019-what-are-the-important-dates-
for-university-of-cape-town/

2019

Duration

1ST QUARTER

1ST VACATION

2ND QUARTER

MID-YEAR
VACATION

3RD QUARTER

MID-TERM
VACATION

4TH QUARTER

11 February — 12 April

Week 7 - 15

13 April — 22 April

Week 15 - 17

23 April =09 June

Week 17 - 23

10 June — 14 July

Week 24 - 28

15 July — 23 August

Week 29 - 34

24 August — 01 September

Week 34 - 35

02 September — 24 December

Week 35 -52

8 weeks 4 days,
60 days, 44 weekdays

1 week 2 days,
9 days, 5 weekdays

6 weeks 5 days,
47 days, 33 weekdays

4 weeks 6 days,
34 days, 24 weekdays

5 weeks 4 days,
39 days, 29 weekdays

1 week 1 day,
8 days, 5 weekdays

16 weeks 1 day,
113 days, 81 weekdays

Table 68: UCT 2019 Academic Year
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Appendix — Participant Data Set - DIANA

Figure 92: DIANA (k=2) size of participant clusters Figure 93: DIANA (k=2) cluster silhouette of participants
Figure 94: DIANA (k=3) size of participant clusters Figure 95: DIANA (k=3) cluster silhouette of participants
Figure 96: DIANA (k=5) size of participant clusters Figure 97: DIANA (k=5) cluster silhouette of participants
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Appendix — Correlation Matrix for Tools Visible to Students

Figure 98: Correlation Matrix for Tools Visible to Students

Here is a highlight of some positive and negative values and the corresponding tools.

0.98 schedule - calendar

0.74 web_webassign - basiclt_ebook
0.71 messagecenter - forums

0.67 messagecenter - messages

-0.31 overview - rutgers_linktool
-0.27 assignment - basiclt_ebook
-0.25 assignment - web_webassign

Table 69: Subset of positive and negative values in the Correlation Matrix for Tools Visible to Students.
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Figure 99: Correlation of tool categories in “Tools Visible to Students”
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Appendix — Tools Visible to Students - PCA

There are 42 different tools visible to students in this data set of 997 course sites. A PCA is run to
reduce the variables and improve interpretability, and the appropriate cut-off value (90%) decides
the number of dimensions to use. In this case, that is 32 dimensions, as shown on the next page,
with the eigenvalues of each dimension and the cumulative variance percentage. Choosing 32
dimensions reduces the variables by 23.81%. The first dimension in the PCA describes 3.533
variables and 8.42% of the variance.

Table 70: Tools visible to students — PCA — Eigenvalues and Cumulative Variance

The next page contains the first six components of the PCA run for tools visible to students and the
biplot for the first eight components. The biplot vectors are coloured using the cos2 score for the
contribution value for each vector. The size of the vectors indicates how strongly they influence the
principal components and their direction in the relationship with the other variables. If vectors
(arrows) point in the same direction (small angle between them), the variables they represent are
positively correlated. Otherwise, when the vectors diverge (pointing in opposite directions), those
components are negatively correlated.

The table shows that the communication and collaboration tools like calendar, schedule,
messagecenter, and forum each contribute close to 12% to the first principal component, also visible
in the biplot by the blue colour for those vectors (Dim-1 ~ Dim-2). The second principal component is
calculated with the condition that its components are perpendicular (uncorrelated) to the first
principal component, accounting for the next highest variance. Dim-2 shows that webassign, eBook
LTI and assignment contribute mostly to its variance.
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Figure 100: Contribution of variables to the PCA components for tools visible to students

Figure 101: Biplot of principal components, including Cos2 contribution values for PCA
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These vectors also meet the calendar and schedule at just over 90°, indicating they are not
correlated. This can be expected from the relationship variables in the first and second principal
components. The fourth principal component introduces the content resources tool, which is
negatively correlated with the schedule and calendar tools, which are also high percentage
contributors to this dimension. It’s interesting to note that the iframe tool is not correlated with the
Rutgers link tool, even though they perform a similar task.

The values of the biplot can be represented in a cos2 correlation graph. The first ten components are
shown below. This table visually represents the contribution of the variables to the principal

components.
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Figure 102: PCA — Cos2 of variables on the first 10 dimensions in tools visible to students
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